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LETTER 

FROM THE 

SECRETARY OF THE SMITHSONIAN INSTITUTION, 


{SUBMIXTIXO 


THE ANNUAL REPORT OE THE BOARD OF REGENTS OF THE 
INSTITUTION FOR THE YEAR ENDING JUNE 30, 1918. 


S M IT IT S O X TAX I X STT TUTTOX , 

Wcir'^Iu’nfjlony Aur/usf 1019, 
To the CongiTSS of the Uiuted States: 

In accorjaiicc ^vith ^r^cction of the Kevised Statutes of the 

United States, I have the honor, in behalf of the Boartl of Kegents, 
to submit to Congress the annual report of the oiierations, ex})endi- 
tures, and condition of the Smithsonian Institution for the year end- 
ing June 30, 191<S. I have the honor to be. 

Very resi')ect fully, your obedient servant, 

CiiAiiLES D. IValcott, Secrctaiaj, 
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REPORT 


OF THE 

SECRETARY OF THE SMITHSONIAN INSTITEMTON 

Charles D. Walcott 

FOR THE YEAR ENDING JUNE 30, 1918. 


To the Board of Regents of the S nilth^^oid/ari Institution, 

Gentlemen : I have the honor to submit hereAvith the customary 
annual report by the secretary on the present condition and the 
operations and activities of the Institution and it< branches during 
the year ending June 30, 1918. Tlie first portion of the report is 
devoted to the Institution proper and the summaries of the work 
of the National Museum and other branches, while the appendices 
give detailed accounts by those in direct charge of the activities of 
the Museum, the Bureau of Ethnology, the International Exchanges, 
the Zoological Park, the Astrophysical Observatory, the Library, 
and the Catalogue of Scientific Literature. 

THE SMITHSONIAN INSTITUTION. 

THE estap>lish:ment. 

The Institution was created an eAablidimeiit by act of Congrc;?s 
approved August 10. 1S4G. Its statutory members are the President 
of the United States, the Vice President, the Chief Justice, and the 
heads of the executive departments. 

THE nOAIlD OF UEGENTS. 

The Board of Eegents. Avhich is charged Avith the administration 
of the Institution, consists of the Vice President and the Chief Justice 
of the United States as ex officio members, three Members of the 
Senate, three Members of the House of Representatives, and six citi- 
zens, “two of whom shall be residents of the city of Washington 
and the other four shall be inhabitants of some State, but no tAvo of 
them from the same State.'’ 

There were changes in the personnel of the board during the year, 
as follows: Senator Charles S. Thomas to succeed Senator William 
J. Stone, died April 11, 1918; Eepre-eiitative^, Lemuel P. Padgett 


1 



2 ANNUAL, EEPORT SMITHSONIAN INSTITUTION, 1018, 

and Frank L. Greene to succeed Ernest W. Koberts and James T. 
Lloyd whose terms expired December 26, 1917. The roll of regents 
on June 30, 1918, was as follows : Edward D. Wliite, Chief Justice 
of the United States, Chancellor ; Thomas E. Marshall, Vice Presi- 
dent of the United States; Henry Cabot Lodge, Member of the 
Senate; Charles S. Thomas, Member of the Senate; Henry French 
Hollis, Member of the Senate; Scott Ferris, IMember of the House 
of Representatives; Lemuel P. Padgett, Member of the House of 
Representatives; Frank L. Greene, Member of the House of Repre- 
sentatives; Alexander Graham Bell, citizen of Washington, D. C.; 
George Gray, citizen of Delaware; Charles F. Choate, jr., citizen of 
Massachusetts; John B. Henderson, citizen of Washington, D. C. 
(Charles W. Fairbanks, of Indiana, died June 4, 1918, vacancy not 
filled at close of fiscal year) ; and Henry White, citizen of Maryland. 

The board held its annual meeting on December 13. 1917. Mr. 
Henry White was elected a member of the executive committee to fill 
the vacancy caused by the resignation of Mr. Ernest W. Roberts, 
whose term of office would expire on December 26, 1917. The pro- 
ceedings of that meeting, as also the annual financial report of the 
executive committee, have been printed, as usual, for the use of the 
regents, while such important matters acted upon as are of public 
interest are reviewed under appropriate heads in the present report 
of the secretary. A detailed statement of disbursements from the 
Government appropriations under the direction of the Institution 
for the maintenance of the National Museum, the National Zoological 
Park, and other branches will be submitted to Congress by the secre- 
tary in the usual manner in compliance with the law. 

CENEUAI. CONSIDEUATK )NS 

The routine operations of the Institution and its branches were 
carried on as usual during the year, but a number of activities were 
held in abeyance until after the war. The time and energy of mem- 
bers of the scientific staff were devoted, as far as practicable, to re- 
searches bearing on the effectiveness of certain devices and materials 
for the Army and Navy, and 24 employees were granted furloughs to 
enter active military service. 

Through my connection with the National Research Council and 
other commissions and boards I have been able personally to render 
some war service to the Government. 

The work of the National .rVdi isoi^ Committee for ^Veroiiautics 
of which the secretary of the Institution is a member and chaii’man 
of the executive committee, has greatly broadened. At its suegestion 
the Council of National Defense appointed a committee, now known 
as the Aircraft Board, to consider all questions of aircraft produc- 
tion and to make recommendations to the military departments for 
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the production and purchase of aircraft and aircraft appliances. The 
experimental laboratory of the advisory committee has been erected 
at Langley Field, near Hampton, Va. 

The original Langley man-carrying flying machine has been brought 
back from Hammondsport, after several successful flights, and is ex- 
hibited in the National Museum. This is the first heavier- than-air 
man-carrying machine built, although it did not have a successful 
flight until more than 10 years after its construction. It is also an im- 
portant historical relic, as it confirms the claim that Secretary Langley 
was the first to design and construct a heavier-than-air machine capa- 
ble of carrying a man in flight. There has never been any question 
that he was the first to successfully fly a heavier-than-air machine 
propelled by its own power. 

In February the War Department allotted to the Smithsonian 
Institution the sum of $10,000 for experimental work in aviation in 
connection with the Signal Corps, wliich work is being successfully 
carried on. L^pon the invitation of the War Industries Board, 
Mr. C. G. Gilbert, of the National Museum, was appointed a member 
of the Joint Information Board of Minerals and Derivatives, in 
which capacity he has done work of unusual value. In April the 
Secretary offered to the Government the services of Dr. Ales 
Hrdlicka, who has since prepai’ed important reports upon eth- 
nography for the National Eesearch Council and for a congressional 
committee of in\'estigation into the effect of language on nationality. 

The Smithsonian chapter of the Bed Cross has done commendable 
war work. Early in the year an ambulance was given for service in 
Eussia and later the funds were raised to defray for one year the 
expenses incidental to the maintenance of a bed in the American 
Eed Cross Hospital at Neuilly. 

Bequests . — Among the bequests to the Museum during the past 
year is that of Miss S. J. Farmer, who willed to the Museum all the 
remaining models of her father, Moses G. Farmer, inventor of elec- 
trical apparatus. 

The Institution has been made the residuary legatee of the estate 
of Eev. Bruce Hughes, of Philipsburg, Pa. (died March 20, 1916), 
under the following terms of his will probated March 27, 1916 : 

All the balance and residue of my estate of which I may die seized shall be 
paid to the Smithsonian Institute of the city of Washington, District of Colura- 
bia. the sum to be invested and the income alone used to found the Hughes 
Alcove of the said Smithsonian Institute. 

The final share of the Institution in the estate has been estimated 
at about $11,500. It is proposed that the ‘^alcove” referred to in 
the will shall be established in and as a part of the National Gallery 
of Art and that the fund be devoted to the amassing of a reference 
library of art works. 
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Gijts, — Dr. Frank Springer has given the Institution the title and 
custody in perpetuity of his large collection of fossil crinoids and 
related groups of Echinodernis and has arranged for a fund of 
$o0.000, the income of which is to be devoted to the administration 
of the collection. 

Dr. W. L. Abbott has continued his generous gifts of collections 
and his >iipport of an expedition in Celebes under H. C. Raven. 


FIXANUES. 


The invested funds of the Institution consist of the following: 

I)(*nosito<l ill the Treasury of the United States under authority 
of CoiiLiTess SI, 000, 000. 00 


eox SOLI DAI ED ruxu. 


Brooklyn Uapid Transit 5 per cent notes due July 1, lOlS, cost .$5,040.63 

Province of ^lanitoha 5 per cent cold dehentures due April 1, 1922, 

cost 1, 935. 00 

American Telephone and Telecraph Company 4 per cent collateral 

tru^t bonds due July 1, 1920, cost 15, 680. 00 

West Shore Railroad Co. j^niaranteed 4 x>er cent firet mortgage 
bonds due January 1, 2301. market value 37, 275. 00 


59. 930. 63 

Excess eost of bonds redeemed at par 03.7.7 


T(4al 1,060,024.38 

The combined interest-bearing investments, aggregating 
$1,060,024.38, are represented by the following funds: 


Smithson fund $728, 291 . 00 

Habel fuml ^ 5no. on 

Hamilton fund 2. 50o. po 

Ilodirkins ireneral fund 153,275.00 

Hodirkins specific fund . - 100.000.00 

Rhees fund 027. 00 

Avery fund 24. 020. 38 

Addison T. Reic] fund H 00 

Liicj’ T. and George AV. Poore fund 27,965.00 

George K Sanford fund 1,174.00 

Chamberlain fund 10.000.00 


Tutiii 1. OCt). 024. 38 


One piece of improved real estate in the Di-trict of Columbia, be- 
queathed to the In^^titution by the late Robert Stanton Averv, ’svas 
sold during the year: the net amount realized from this sale' was 
$8,721. which amount has been invested in bonds forming a part 
of the Con.solidatcd Fund. 

The practice of investing surplus fumL in certificates of deposit 
paying 3 per cent per annuiii has proved nio-t sati>faet()rv : the in- 
come from this source amounting to $1,275 during the year. 
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Instead of investing till burplus cash in certificates of deposit, the 
Institution purchased $10,000 of the United States Third Liberty 
Loan, which will be carried on the books temporarily as a special 
asset and later will be transferred to the Consolidated Fund. 

The income of the Institution during the year, amounting to 
$165,135.02, was derived as follows: Interest on permanent invest- 
ments and other sources, $63,552.02; repayments, rentals, publica- 
tions, etc., $13,503.13 ; contributions from various sources for specific 
purposes, $24,358.87; bills receivable, $55,000; proceeds from sale 
of real estate, $8,721. 

Adding the cash balance of $9,232.56 on July 1, 1917, the total 
resources for the fiscal year amounted to $174,367.58. 

The disbursements, which are given in detail in the annual report 
of the executive committee, amounted to $173,077.68, leaving a balance 
of $1,289.90 in cash and on deposit in the Treasury of the United 
States and in bank. 

In addition to the above disbursements by the Institution, there 
was included under the general approj^riation for printing and bind- 
ing an allotment of $76,200 to cover the cost of printing and bind- 
ing the Smithsonian annual report and reports and miscellaneous 
printing for the Government branches of the Institution. 

The Institution was charged by Congress with the disbursement 
of the following appropriations for the year ended June 30, 1918: 


Inter uationul exchanges .^35, 000. 00 

Ainericuu ethnology 42, 000. 00 

International catalogue of scientific literature 7 , 500. 00 

Astrophysical observatory 13, 00©. 00 

Observations, eclipse of the sun of June 8, 1018 2,000.00 

National iliiseum : 

Furniture and fixtures 25, 000. 00 

Heating and lighting 46, 000. 00 

Preservation of collections 300,000.00 

Building repairs 10, 000. 00 

Books 2, 000. 00 

Postage 500. 00 

National Zoological Park 100, 000. 00 

Increase of compensation (indefinite) 

Total 583,000.00 


RESEARCHES ANP EXPLORATIONS, 

The researches and explorations by the Institution were greatly 
limited in their scope during the past year on account of war condi- 
tions. There was unusual activity, however, by members of the 
scientific staff in investigations which related to the operations of 
the Army and Xavy, and it is believed that the results have been of 
great benefit to the service. 
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Several biological and ethnological expeditions to various parts of 
the world have been held in abeyance, although some already in the 
field have continued in operation on a limited scale. It is expected 
that after the war there will be greater activity in these lines than 
ever before. 

Accounts of some of the more important researches are given here 
and others are reported upon in the Appendix. 

GKOLOGICAL, W(mK IX THE ROCKY :\rOUN TAINS. 

Geological field work has been carried on by me in the Rocky 
Mountains for several years past, particularly in the study of Cam- 
brian and pre-Cambrian formations. The more important results 
of this work have been described in my paper on “ Evidences of 
Primitive Life ” in the Smithsonian Report for 1915 and in various 
pamphlets of the Institution. Investigations during the summer and 
early fall of 1917 were carried on at the now well-known Burgess 
Pass fossil quarry, discovered by me in 1910. Fifty days were spent 
at the Burgess Pass camp, 3,000 feet above Field, British Columbia, 
where a section in the quarry of about 180 square feet was taken out. 
This practically exhausts a quarry which has given the finest and 
largest series of Middle Cambrian fossils yet discovered and the 
finest invertebrate fossils yet found in any formation in any country. 
More than one and a half tons of specimens were trimmed out at 
the quarry, carried by pack horses to camp, and thence by rail to 
W ashington. 

A few days were taken to verify a geologic section near Lake Mc- 
Arthur, and then the Vermilion River trip was begun. Following 
down the Bow River, we crossed to the south side near Mount Castle 
and camped at Vermilion Pass, Lower down the valley on the east- 
ern side near the mouth of Ochre Creek. Syncline Peak shows rem- 
nants of the compression and folding that accompanied the uplift 
of the mountain massif, now cut by erosion into hundreds of moun- 
tains, ridges, and canyons. 

From Vermilion River the party followed a new forest ranger 
trail up Tumbling Brook to a small, beautiful glacier beneath the 
great eastward facing cliffs of Gray Peak. 

Wolverine Pass is a broad, rolling area at about timber line. On 
its southwestern slope the northeast branch of ^loose Creek begins 
on the north slope the headwaters of Ochre Creek, and on the south- 
east the drainage is to Tumbling Brook, a branch of Ochre Creek 
The views from the upper slopes northeast of the Pass are amono’ 
the finest in the Canadian Rockies, Mount Orvsdale, on the ri<dit 
rises 2,200 feet above the Pass, and Mount Gray, on the left, 1,800 
feet, the altitude of the Pass being 7.200 foot. Tumbling Glacier, 
on the left of Mount Gray, is formed from snows blown over the 
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cliffs from the westward. On the right of Mount Drysdule the east- 
ern side of the great AVashmawapta snow field may be seen; in the 
distance, through the Pass, the dark Beaverfoot Eange, and beyond 
it, in the extreme background, the snowy peaks of the Selkirk Kanges. 

A late September storm drove us back from Wolverine Pass to the 
Vermilion Piver, where below Ochre Creek a search was made for 
moose. On October 1 a great bull, a cow, and young were brought 
down and their skins, skulls, and horns secured for the National 
Museum collections. 


RESEARCHES ON THE STRUCTURE OF THE TIULOBITES, 

111 my laboratoiy work for the past 45 years I have been on the 
watch for evidence bearing on the structure and organization of 
fossil trilobites. The study of a small and unique series of speci- 
mens secured at Burgess Pass since 1010 has so greatly increased 
our knowledge of these interesting animals that a special paper, ac- 
companied by 28 plates of illustrations, is now in press, to appear in 
the Smithsonian iliscellaneous Collections. 

GEOLOG ICAE WORK IN THE APrALACHIAN AND OHIO V ALLEYNS. 

During the summers of lOlG and 1917 Mr, Frank Springer con- 
tinued his researches upon the fossil echinoderms of the Ohio Valley 
with a view to obtaining further material and information for the 
completion of a monograph upon the Silurian crinoids of that area 
which he has now in preparation. His assistant. Dr. Herrick E. 
Wilson, collected in the vicinity of St. Paul and of Madison, in 
Indiana, proving for the first time the presence in the latter locality 
of the crinoidal faunas of both the Waldron and the Laurel forma- 
tions. One object of the present field investigation is to obtain 
further light on the relations of the Silurian faunas of the Chicago 
and southern Indiana areas with those of western Tennessee. Mr. 
Springer ac(|uired by purchase all the echinoderms in the large col- 
lection of Mr. John F. Hammell, of Madison, Ind., which included 
that made by A. C. Benedict from the Indiana Silurian, containing* 
the types of a considerable number of species. This material has 
]>een added to his collection of fossil echinoderms now deposited in 
the National Museum. 

geological work in waryxand. 

Dr. Bassler, of the division of invertebrate paleontology’ in the 
National Museum, reports that, in company with Assistant Curator 
Dr. C. E. Resser. he made some investigations in the Frederick and 
Hagerstown valleys of Maryland with the object of securing for the 
exhibition series large examples illustrating the various types of 
conglomerate. Two fine, large masses of the well-known Triassic 
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limestone conglomerate were obtained with little difficulty, but 
equally good examples of the siliceous variety were secured only 
after much hard labor, owing to the ready disintegi'ation of the rock 
on exposure. Efforts were finally successful, however, and there was 
also secured a mass of the so-called “ edgewise ’’ conglomerate several 
feet in diameter, which will well illustrate the phenomenon of intra- 
formation conglomerate described by me a number of years ago. 
This last was obtained where the steepl}" dipping lower Ordovician 
beds outeroiiped in such a manner that the desired material could be 
blasted without fracturing. All of such conglomerates are the result 
of ancient mud deposits of tidal fiats becoming sun cracked when 
exposed to the air. The dried edges of the sun-cracked areas become 
tossed about by the wind and the fragments finally accumulate in 
layers which ultimately arc hardened into rocklike conglomerate. 
Conglomerates usually indicate the base of a formation, but this 
particular kind may occur at any place within a formation, whence 
I applied the S2^ecific name "" intraformational ” to them. 

GEOLOGIC AL WORK IN CENTRAL KENTUCKY. 

After the conclusion of geologic work in the Appalachian Valle}" in 
the early summer of 1917, Dr. Bassler proceeded to central Kentucky, 
where he spent several weeks in explorations for suitable exhibition 
specimens covering the general subject of stratigraphic paleontology. 
It was especially desirable that such phenomena as stratification, the 
occurrence of fossils, and unconformities should be illustrated in the 
Museum, and especial efforts were made to secure specimens exhibit- 
ing these features. Much discrimination was necessar}- in the selec- 
tion of these objects, as it was essential to obtain specimens of such 
size as to be appreciated by the public and still not too large for the 
available space, which is somewhat limited. This difficulty compli- 
cated the work, but the selection finally made was extremely satisfac- 
tory^ In his account of the work Dr. Bassler says : 

The early I'alcoz.oic coral reef near lAnusville, Ky., from which a section 
6 by 10 feet in dimeaslons had been Quarried and placed on exlubition during 
the sunmier of lOlG, was revisited and several additioual layers of highly fus- 
Siliferous shale and limestone were secured. These have now been added in 
their proper position to the coral-reef mounf, so that this single exhibit now 
illustrates the subjects of stratification in general, horizontal strata, change of 
lithologj" from limestone to shale, the occurrence of fossils in these types <if sedi- 
ment, and the phenomenon of fossil coral reefs for which the exhibit was pri- 
marily planned. 

The most valuable result of the summer's work was achieved at Elkin, Ky. 
Here a single limestone slab, G feet long and several feet wide and thick, show- 
ing an unconformity distinct enough to be appreciated by the layman, was 
quarried out and shipped to the museum without breakage, where it now formal 
a most instructive exhibit. The outcropping limestone ledge, several feet in 
thickness, is composed of a distinctly white lower portion and a dark-colored 
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upper part, the head of the hammer marking their line of eoutact. This line 
also marks an unusually clear unconformity, Both of these layers are rich 
in fossils, those of Early Black lUver (Lowville) age occurring in the lower 
white rock and those of Early Trenton in the upper dark material. Since at 
other places in the Enited States 500 or more feet of strata of Middle and 
I.ate Black River age intervene between these two layers, it is shown that 
Kentucky was a land area during the deposition of the Middle and Upper Black 
River strata. This is also evidenced by numerous worm burrows extending 
downward from the top of the white limestone. AVhen the material was in .the 
condition of soft mud and exposed at the surface, the worms burrowed into it, 
as they do in the soil to-day. 

The phosphate localities near Wallace, Ky., were next visited, in order to 
obtain illustrations of the gradual phospbatization of limestone and the types 
of fossils in phosphatic strata. Here it was discovered that phosphate rock 
occurs only along the joint planes of the limestone. Surface water passing 
along these joint planes leaches out the calciuiu carbonate of the phosphatic 
limestone, leaving the calcium phosphate content behind. 

GRASSES OF THE ADIRONDAC K AND WHITE MOUNTAINS. 

During the month of August, 1917, Mr. A. S. Hitchcock, systematic 
agi'ostologist in the Dexiartment of Agriculture and custodian of the 
section of grasses of the division of jdants in the United States Na- 
tional Museum^ visited the Adiroiidacks in Xew York and the Wliite 
Mountains in New Hampshire for the purpose of studying their flora, 
especially the grasses of the alpine summits. Mr. Hitchcock reports 
as follows: 

In the Adirondacks headquarters were at Lake Placid, from which point ex- 
cursions were made to the summits of AVhiteface and Alclutyre, the highest 
peaks in the gi’oup with the exception of fount ^farcy. It was impracticable to 
reach Alount Alarcy without the use of a camp outfit. This peak rises to a 
height of 5,344 feet, but Mount McIntyre is nearly as high (5,112 feet). Both 
McIntyre and Whiteface extend above the timber line and support at the sum- 
mit an alpine flora. 

The White Mountains reach a somewhat greater altitude than the Adiron- 
dacks, :Mount Washington, the highest peak, l>eing G,203 feet. In the Alount 
Washington group there are several peaks whose summits are above tlie timber 
line. The alpine flora of these peaks and of the peaks of the Adirondacks are 
similar, and include plants that farther north are found at a lower altitude or, 
in the Arctic regions, even at sea level. 

Four days were spent investigating the flora <»f the peaks. The ascent was 
commenced at Crystal Cascade on the easi side, whence the trail led up Tucker- 
man Raviue to the Summit of IMouru Washington, thence <lown to Lakes-of-the 
Clouds where there is an Appalachian Mountain Club hut for the accommoda- 
tion of climbers. From here the head of Oake< ( bdf was explored. The second 
day was spent along the trail from LaIa‘s-«>f-the-nouds to the Alount :Maaison 
but. going by the way of the Westside and Oulfside trail, which passes near the 
high i)eaks of Clay, Jefferson, and Adams. The return trip to Lakes-of-the 
Clouds hut was made on the third day, de.seending 3,000 feet through the Great 
Gulf by the Ruttress trail and ascending again by the Six Husbands trail to the 
Alpine Meadow. On the fourth day the descent was made by way of Ilimting- 
ton Ravine over a little-used and difficult trail. 
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There are nine species of grasses that may be considered to be aipine, A few 
others extend from the lower zones into the alpine region. Most of the alpine 
species are circumpolar and extend southward in the mountains, one to the 
high peaks of western North Carolina and two through the Rocky Mountains 
even in South America. One species, Poa laxa, is abundant on the upper cone 
of Mount Washington, extending quite to the summit, and comprises almost the 
only vegetation of this area. Tliis is a European species which is found in 
North America only in the region of Blount Washington and on a few of the 
higher peaks of New England. 

The forest flora of the mountains consists mainly of white pine, white spruce, 
larch, aspen, and white birch. Toward the summits of the peaks the dominant 
tree is the balsam fir, which near tim]>er line becomes a straggling shrub. 

ANTflROPOLOCHC’AL STUDIES ON OLD AMERICAN FAMILIES. 

In. continuation of his researches on old American families. Dr. 
Hrdlicka, of the Xational Museum, in 1917, visited Yale, Virginia, 
and Harvard Universities. Tlie last two were visited on the occa- 
sion of the “ Teachers’ Course,” which brings to these institutions 
many adult individuals of old American parentage from a large 
territory. The total number of subjects examined, mainly for pig- 
mentation of hair, and eye and skin color, amounted to over 1,000, 
all of whom were Americans of at least three generations on both 
the paternal and maternal sides of the family. Dr. Hrdlicka says : 

The results which are now being elaborated for a report are of uncommon 
interest. They show a number of important facts of which we had no previous 
reliable knowledge. One of these is, in brief, that there is no increase in the 
proportion or grade of pigmentation as we proceed from New England south- 
ward, and no increase in blondnes.s as we proceed northward from the Caro- 
linas and Virginias. Another striking result shows that there are localized 
peculiarities in pigmentation, especially that of the hair, but that in every <*ase 
these can be traced to the ancestry rather than to the environmental conditions. 
The latter nevertheless appear to have been active in general in reducing the 
total proportions of blondness. 

So far as the color of the eyi^s is concerned there were fnimu unexpectedly, 
in all the areas, a large proportion of “ mixed ” colors ; in other words, eyes in 
which more or le'^s marked traces of brown coexist with various shades of blue, 
green, or gray. 

Three cases were encountered in wliich the color of the two eyes was mark- 
edly different. Ihire beautiful blues and browns were few in number. 

THE :M0UNTAINEEKS of TENNESSEE. 

During the latter part of July, 1917, Dr. Hrdlicka made a trip to 
eastern Tennessee, for the purpose of becoming acquainted with the 
characteristics of the population of these regions, whicli in large part 
is of old xVmerican stock but lias long e.xi'ted under disadvantageous 
environment, remaining as a result backward in education and in 
other respects. He reports as follows on the results of his studies : 

The work commonced at Bristol. Tenn., extended to ^Mountain City, and 
farther on into the hills; and its success was very largely due to the kind 
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offices aud direct personal help of an old friend of the Smithsonian Institution, 
Mr. Samuel L. King, of Bristol. For additional help the writer is indebted, to 
Mr. John Caldwell, of the same city. 

The work extended mainly to the men called for examination by the first 
draft for the Fnited States Army, and comprised 150 individuals. Both meas- 
urements and observations were taken. Some of the men came from the lower 
lands of the Bristol district and were kept apart, but a good number represented 
the real mountaineers. 

It is too early to speak of the results of this interesting piece of research, 
the data not having as yet been properly reduced and analyzed ; but it is 
safe to say that these mountaineers represent no separate type of Americans, 
In many cases they still show strong imlications of their respective pre-Amer- 
ican ancestry. Among the men there were seen some fine examples of 
physique — willowy, cleau-(ait six-footers; hut there were also others of rather 
feeble mental powers or nervous stability, whi(*h conditions, to some extent 
possibly, are due to hereditary effects of alcoholism or to defective heredity of 
other nature. 

The families of the mountaineers are remarkable in many cases for their 
large size, and there were seen examples (►f longevity and virility which it 
would l)e hard to find in our cities. 

There are all grades of “ mountaineers *’ and no line of demarcation separates 
them from the people in the lower lands, wiio are mostly of similar derivation 
and sometimes of the same families. But as one i)roeoeds into the wilds of the 
mountains the population becomes sparser and more ])ackward, the cultivated 
l)atchcs of ground smaller in area, and the habitations poorer, until some of the 
latter come to resemble the shacks of the southern negro. 

The poorer class of mountaineers frequently sliow characteristics partly due 
to their backwardness in education and their isolation and partly, i>erhaps, to 
hookworm disease or other abnormal conditions. Some of the young men are 
types of slouchiness, such as would delight the artist, while the women disfigure 
themselves by chewing snuff and frequently show uncouthness in dress, move- 
ments, and behavior. But the people are hospitable and interesting. In the 
course of a short ride of less than 2 miles through a sparsely settled gorge the 
writer and his local companion had no less than four invitations to lunch — in 
the other places there was no one at home. Their language aud intonation are 
characteristic and quaint, and the people seem to be full of old aud local folk- 
lore. the study ef which would probably prove most ilolightful. Being largely 
dependent on themselves and their few neighbors, tht-y have also many anti- 
quated aud strange curative prac-tices which would repay investigation. 

Their worst enemies are the isolation, “moonshine” whisky, and, in not a, 
few cases, undoubtedly a poor heredity. The Army draft will be a godsend to 
many of the young men, some of whom can not even read or write; but probably 
few of those who will return will remain mountaineers. 

THE VANISHING INDIAN. 

Tlirougli the cooperation of the Institution and the American Asso- 
ciation for the Advancement of Science, Dr. Hrdlicka in August, 
1917, made some interesting investigations of the Shavrnee and other 
Indian tribes. Concerning his work he says : 

The progress of miscegenation among many of the Indian tribes has progressed 
to a degree that is surprising t'Vi'ii to those wIkj for many years have been 
stmlying the Indian. While the total number of “ Indians as recordcxl by the 
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census Increases from decade to decade, the fact is that this increase is due 
wholly to that of mixed bloods ; the full bloods of pure strain in most localities 
are rapidly disappearing and in a considerable proportion of the tribes have 
become actually extinct «r are on the point of extinction. 

Two remarkable examples of this fact have just been experienced by the 
w'riter. For years a growing necessity in American anthropology has been to 
determine the physical type of the Shawnee, once a large tribe and one of con- 
siderable historic importance. No great difficulty was apprehended in this task, 
as the tribe is still well represented. The most promising part of the tribe was 
that of the so-called “ absentee ” Shawnee, on the Shawnee Agency in eastern 
Oklahoma. They count oG9 individuals, quite a few of whom are generally re- 
garded as “ full bloods.” To his great disappointment the task of finding some 
pure bloods became exceedingly difficult. Quite a few of the Indians were 
found to be “ full bloods,” but on inquiry into the family history it was gener- 
ally learned that the subject was a mixture of Shawnee with the Oneida^ Dela- 
ware, Creeks, or some other tribe. In oonclusion, there were found but three 
individuals who so far as they or their friends knew were full-blood Shawnee. 
Two of these were old Avomen and one an old man, all near or over 70 years 
of age, and two of the three were sister and brother. 

The next tribe visited was the Kickapoo, the main body of which to the 
number of 211 is settled about McLoud, Okla. They were said by the old Shaw- 
nee to be practically the same people as themselves, having at some time in 
the past had but one camp fire, and it was generally believed that they would 
show some full bloods of pure strain. This proved to be a vain hope. On close 
inquiry all sorts of mixtures were discovered, even among the oldest men and 
women of the tribe, but no pure bloods. Only one single woman of middle age 
was believed to be possibly a full Kickapoo, but there was no real certainty. 
Some visiting Kickapoo from Mexico proved no better than the rest, and no 
hope was given that any pure strain Kickapoo could be found anywhere else. 

Thus two tribes, one of which of considerable importance, may be regarded 
as lost to science, so far as pure bloods are concerned. Only a few years ago, 
according to local information, there were still a number of old men and 
women living in both tribes wdio represented the pure strnin. The genuine In- 
dian is rapidly passing away and the work of the anthropologist who endeavors 
to record the physical type of the various tribes is lieconiing increasingly difficult. 

ETHNOLOGICAL EXPLORATIONS IN COLOR^VDO AND UTAH. 

One of the most important results of field w ork b}" the Bureau of 
xVmerican Ethnology during the past year was the investigation of 
little-known towers, castles, and great houses in southwest Colorado. 
In conjunction with the Department of the Interior, the Smith- 
sonian Institution has been engaged for a decade in the excavation 
and repair of large ruins situated on what is called the Mesa Verde 
National Park. The educational value of this work can hardlv be 
overestimated, and in recent years over 2.500 people have visited the 
locality yearly to see these largest of all prehistoric ruins in our South- 
western States. In his field work during the summer of 1918 Dr J 
IValter Fewkes, Chief of the Bureau of American Ethnology, investi- 
gated equally instructive groups of ruins in the valleys in sio-ht of 
the Mesa Verde Park and found there many well-preserved build- 
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ings of which little has been hitherto known; the most striking 
these were finely constructed towers, castles, and great houses, the 
walls of which have fine masoniy, rising in some instances 25 feet 
high. They may be instanced as the best-preserved examples ot‘ 
Indian stone houses north of Mexico. Three clusters of these re- 
markable constructions in southwestern Utah are specially note- 
worthy, containing in all 11 different buildings, the majority of 
which are still, after centuries of wear, in nearly the same condition 
as when deserted by the aboriginal builders. Many evidences of their 
prehistoric character were gathered. The name of the race to which 
their builders belonged is no longer known, but the memory of them 
still survives in dim legends of descendants living many miles away. 
A visit to these towers well supplements one to the Mesa Yerde, and 
broadens one’s knowledge of the variety" of buildings which stood in 
the desert during the most flourishing epoch of North American 
architecture of the past. As a sequel to the explorations carried on 
by the Smithsonian in these remarkable monuments, the Director of 
the Public Park Service of the Department of* the Interior, recog- 
nizing their educational value for scholars and tourists, has taken 
steps to have them set aside from the public domain and placed under 
the care of the Superintendent of the Mesa Yerde Park for per- 
manent preservation. 


NATIONAL PARKS EDUCATIONAL C0:MHITTEE. 

On June 26, 1918, at a meeting held at the x^mithsonian Institution 
there was organized the National Parks Educational Committee. 
Dr. Charles D. Walcott, Secretary of the Smithsonian Institution, 
was chosen chairman, former Kepresentative William Kent, of Cali- 
fornia, vice chairman, Henry B. F. Macfarland, of Washington, 
chairman of the executive committee, and Kobert xSterling Yard, 
secretary. The membership includes representatives of universities, 
institutions, and public-spirited associations East and West, through 
whose cooperation it will present a front of many influential units. 

The need of this organization grew out of the rapid growth of 
public interest in our national parks, due to the recent realization 
of their supreme qualities. It is a safe statement that there is no 
other cause so popular in America to-day that is not a war cause. 
The limitation of governmental functions practically to the physical 
development of the national parks leaves the gathering of their 
enormous potential harvests of education and appreciation to the 
people themselves: it is to organize these departments of higher en- 
jo 3 "ment, to give impetus to the art and literature of outdoors, to 
popularize natural science, and to encourage outdoor living that the 
committee is established. 
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The committee will support a plan of systematic selection and 
development to secure for American national parks the recognized 
first place in world scenery, thus realizing their value as a national 
economic asset. Its educational plans are based upon views of national 
parks as popular classrooms and museums of nature. It will seek 
the cooperation of public schools and universities in the interpreta- 
tion of natural scenery in terms of popular science. Among its first 
acts was the passage of a resolution, offered by Leonidas Dennis, of 
New Jersey, favoring the bill which has passed the Senate and is now^ 
before the House to make the Grand Canyon a national park. 

The committee will enlarge itself so as to become representative 
of every section and State in the country. It is the initial stage in 
a broad national organization to be perfected after the war under the 
title of the National Parks Association. The members at present are 
as follows : 

Wallace W. Atwood, department of physiography. Harvard University. 

Arthur E. Bestor, president of Chatauqua Institution. 

Belmore Browne, explorer, author, artist. 

Henry G. Bryant, president Geographical Society of Philadelphia, explorer. 

John B. Burnham, president American Game Protective and I^ropagation 
Association. 

William E. Colby, president Sierra Club, 

Leonidas Dennis, conservationist, lawyer. 

J. ^Valter Fewkes, chief Bureau of American Ethnology. 

John H. Finley, president University of State of New York. 

William B. Greeley, chairman conservation committee Camp Fire Club. 

George Bird Grinnell, Boone and Crockett Club, pioneer of Glacier National 
Park. 

William H. Holmes, curator of National Gallerj’ of Art, head vurator anthro- 
pology". United States National Museum. 

William Kent, former Uniteil States Representative, donor of the Muir Woods 
National Museum. 

George F. Kunz, president of American Scenic and Historic Preservation 
Society. 

E. M. Lehnerts, department of geology". University of ^Minnesota ; pioneer in 
national parks geology classes. 

Henry B. F. Macfarland, publicist; lawyer. 

J. Horace McFarland, president American Civic Association. 

La Verne Noyes, president board of trustees, Chicago Academy of Science. 

George D. Pratt, conservation commissioner, State of New^York ; president 
Camp Fire Club. 

D. W. Roper, director Prairie Club; engineer. 

Edmund Seymour, president American Bison Society. 

Charles Sheldon, Boone and Crockett Club ; explorer, author. 

Mrs. John Dickinson Sherman, conservation chairman. General Federation 
of Women’s Clubs. 

Charles D. Walcott, secretary Snuthsonian Institution. 

Robert Sterling Yard, Chief Educational Division, National l»ark Service. 
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PUBLICATIONS. 

The Institution and its branches published during the year 91 
volumes and separate pamphlets. The total distribution was 134,284 
copies, which included 1,591 volumes and memoirs of Smithsonian 
Contributions to Knowledge, 26,412 volumes and separates of the 
Smithsonian Miscellaneous Collections, 19,815 Annual Eeports and 
separate papers. 75,300 volumes and pamphlets of Museum Pro- 
ceedings, 7,344 Bureau of American Ethnologj" publications. 2,929 
special publications, and others relating to the Astrophysical Obser- 
vatory, the Harriman Alaska Expedition, and the American His- 
torical Association. 

War conditions naturally gi'eatly delayed the issuance of publica- 
tions by the Government Printing Office, so that there is a large 
accumulation of material in proof and manuscript awaiting com- 
pletion. 

Allotments for printing . — The allotments for the printing of the 
Smithsonian Eeport and the various publications of the branches of 
the Institution were practically used up, a small balance remaining 
in one or two cases owing to the impossibility of getting certain 
publications off the press before the close of the year. 

The allotments for the year ending June 30, 1910, are as follows: 

For the Siuithsoniaii Institution: For printing and liiiidiiiLC the anniial 
reports of the Board of Beirents, with croneral append ires, tlio e<litions 
of which shall not exceed 10,000 coiiies .SIO, 000 


For the annual reports of the National ^Iu<euin, with ;reneral appen- 
dices, and for printing labels and blanks, and f<»r the bulletins and 
proceedings of the National ]Mus(*uin, tla^ edition^ of whirh shall not 
exceed 4,000 copies, and binding, in half inororro or material not 
more expensive, scientific books, and pamphlets presented to or ac- 
quired by the National IMuseuin library .*>7. oOO 

For the annual reports and bulletins of the Bureau of Ameriran Fth- 

nology and for miscellanoous printirjg and landing for the bureau 21,000 

For miscellaneous planting and binding: 

International Exchanges 200 

International Catalogue of Sriontitic Tateraturc- 100 

National Zoohtgiral Park 200 

Astrophysical Observatory 200 

For the annual report of the American Hlstt)riral A^<oriation _ 7,000 

Total 70. 200 


Committ(e oti printing and pxiblieation . — The Smitlisonian ad- 
visor}' committee on printing and publication considers all manu- 
scripts offered for puldication by the Institution or its branches. 
During the past year 13 meetings were held, at which 68 manuscripts 
were considered and acted upon. The membership of the commit- 
tee is as follows: Dr. Leonhard Stejnegcr. head curator of biology, 
Xational Museum, chairman: Mr. X. Hollister, superintendent of 
the Xational Zoological Park: ^Ir. A. Howard Clark, editor of the 
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Institution, secretary of the committee; Dr. George P. Merrill, head 
curator of geolog>', National Museum: and Dr. J. lYalter Fewkes, 
chief of the Bureau of American Ethnology, who succeeded Mr. F. W. 
Hodge, resigned. 

LIBRARY. 

The library of the Smithsonian Institution is divided into (1) the 
main library, consisting chiefly of journals and transactions of learned 
societies and institutions throughout the world, which are in the cus- 
tody of the Library of Congress and administered as the Smithsonian 
deposit; (2) the National Museum library; (3) the library of the 
Bureau of American Ethnology; (4) the National Zoological Park 
library: (o) the library of the Astrophysical Observatory; and (6) 
the office reference library. Some of these are subdivided into sev- 
eral sectional libraries. 

The report of the assistant librarian in the appendix presents de- 
tails of accessions. Mention should here be made of one exceptional 
and important addition to the Museum library, consisting of a large 
number of botanical and horticultural publications brought together 
tt Biltniore, N. C., by the late Mr. George W. Vanderbilt and pre- 
sented by iMrs. A'anderbilt. 

NATIONAL MUSEUM. 

The detailed account of the operations of the National Museum is 
recorded in an appendix to this report by Mr. Ravenel, the adminis- 
trative assistant who had chiefly conducted the affairs for several 
months during the illness of Assistant Secretary Kathbun, whose 
death occurred shortly after the close of the fiscal year. It is there- 
fore unnecessary here to do more than to review some of the prin- 
cipal activities of the Museum and to refer to the appendix for fur- 
ther information. 

The exhibits are now housed in three buildings: (1) the arts and 
industries collection in what is known as the old Museum building, 
(2) the natural history collections and the National Gallery of Art in 
the large new building, and (3) the graphic arts and National Her- 
barium in the original Smithsonian building. 

During the year 69,286 square feet of room in the Natural History 
Building were turned over to the Secretary of the Treasury for use 
of about 3.000 clerks of the M'ar Risk Insurance Bureau. I may 
mention here that a few weeks after June 30 the building was closed 
to the public, the exhibition cases were crowded into the least pos- 
sible (juarters. and all available space wa.s temporarily given over to 
the Insurance Bureau. This course was gladly taken, in order to put 
into immediate effect the financial assistance provided by Congress 
for the families of our soldiers and sailors. 
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About lj300 accessions to the Museum were recorded during the 
year, aggregating nearly 113,000 specimens and objects, including 
11,000 pertaining to the department of anthropologj^, 61,500 to zool- 
ogy, 38,000 to botany, 11,300 to geology and mineralogy, and 17,900 
to paleontology; 168 paintings and other aid objects were lent for 
exhibition in the gallery of art. 

Among the most interesting additions of anthropological objects 
were over 100 specimens from Celebes, East Indies, illustrating agi*i- 
culture and household economy in that region collected through the 
generosity of Dr. TT. L. Abbott. A collection given by Mr. Alfred 
Erskine represented implements and costumes of the Dyaks of 
Borneo. A noteworthy addition to the division of American arche- 
ology was a collection of 83 specimens, mostly stone imp] ('men is, 
also relics from the cliff and cavern dwellings of Xew Mexico, Indian 
relics from the Virgin Islands, and a large number of relics from 
Utah. By an exchange with the Iv 03 "al Ontario ^luseum of Toronto 
there were acquired about 200 sj^ecimens of Babylonian tablets and 
prehistoric stone implements from Eg} pt, France, and England. 

The division of mechanical technology was enriched b}’^ the addi- 
tion of a large number of firearms and firearm appliances. Among 
the historical objects received were two flags pertaining to the present 
war, one of which belonged to ZcppeJbi J^9 at the time of its capture 
in 1917; the other was the flag used at the funeral of the American 
soldiers lost on the transport Tuscanki in 1918, A most interesting 
object is the original letter written b}^ Gen. Grant demanding the 
unconditional surrender of Fort Donelson. There are also large 
nmnbers of souvenirs of American soldiers and statesmen, among 
which may be mentioned a number of personal relics of Maj. Gen. 
George B. McClellan, United States Army, consisting of swords, 
uniforms, and other objects owned by him during the Mexican and 
Civil Wars; also the well-known Eobert Hewitt Collection of Me- 
dallic Lincolniana made up of some 1,200 medallions, medals, tokens, 
and badges. To the collection of musical instruments were added 
five American pianos and one organ, seven English pianos, two Aus- 
trian gi'and pianos, and a number of other instruments. To the 
numismatic collection was added a large number of replicas of United 
States service medals and to the collection of philatelic material, 
3,186 stamps, 2,706 of which were received from the Post Office De- 
partment. In the appendix the administrative assistant enumerates 
important additions in the departments of anthropology, biolog}", 
geolog}', and to the arts and industries collections which need not 
be repeated here. 

In previous reports I have called attention to the rapid develop- 
ment since 1912 of the collection of textiles, woods, and medicines. 
The additions to the collection, showing the methods of making tex- 
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tiles and finished products, are most instructive, likewise the collec- 
tion of materia medica, which has been largely increased. 

The division of mineral technolog}^ during the year has published 
a number of unusually important pamphlets on the resources of the 
United States, power, petroleum, nitrogen, and coal. Some interest- 
ing objects added to the exhibits in the division include models show- 
ing the occurrence and recovery of gold and the manufacture of lead 
and exhibits of coal-tar products. 

The construction of the building for the Freer collection has pro- 
gressed as rapidly as could be expected under present war conditions. 
The exterior walls have been erected to entablature height. Nine 
hundred and twenty-eight items have been added to the Freer col- 
lection, including 159 oriental objects. The National Gallery of Art 
received a bequest comprising 12 paintings, a number of miniatures 
and other objects, 110 items in all, from the estate of IMrs. Mary 
Houston Eddy, to be known as the A. K. and M. H. Eddy donation. 
It has also received from the Russian artist, Ossip Perelma, a portrait 
by himself of M. Boris Bahkmeteff, first ambassador of the Russian 
Republic to the United States. 

The number of visitors to the Natural History building during the 
year 1917 aggregated 306,003 on week days and 95.079 on Sundays, 
and to the Arts and Industries building the number was 161,298. The 
number of visitors to the old Museum building since it was opened 
to the public in 1881 has been 8,000,000: to the new building since 
1909, 2,613,651; and to the Smithsonian building since 1881, 1,731,492. 
Many meetings of various scientific societies were held in the Museum 
auditorium during the year. Sjiecial exhibits have also been shown, 
among the most interesting of which were the collection illustrating 
the united organizations of the United States Food Administration 
and the exhibit of etchings of war industries by Pennell, 

Following the custom of many years there was a distribution of some 
8,000 duplicate specimens to schools and colleges for educational pur- 
poses, all properly classified and labeled. These included sets of mol- 
liisks, ores, minerals, and objects of ethnology' and archeology. 

The Museum publications of the year comprised 6 volumes and 
40 separate papers, including the annual report for 1916, volume 51 
of the Proceedings, and 5 bulletins. Bulletin 102, on the mineral 
industries of the United States, is of particular interest to the public 
the four parts so far issued being devoted to coal products, fertilizers 
sulphur, and coal. 

Additions to the Museum library amounted to 3,230 volumes and 
1,571 pamphlets, making the present aggr(‘gate of 52.5.34 volumes and 
84,491 pamphlets and unbound papers. To the Biltmore collection 
of botanical works, presented by Mrs. George W. Vanderbilt, 2,000 
volumes were added. 
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BUREAU OF AMERICAN ETHNOLOGY. 

The activities of the Bureau of American Ethnology are limited 
to the study of the past and present conditions of the North Amer- 
ican Indians. Their main purpose is to perfect the existing classifica- 
tions of the various stocks of these aborigines based on their language 
in order to discover their relationship, and to gain a clearer insight 
into the origin, history, and migration of man on this continent. 
The languages of the Indians are doomed to disappear in the near 
future ; some have already gone and others will become extinct in a 
feAV years. Through intense, patient research the bureau is under- 
taking the task of recording these ATinishing tongues before they dis- 
appear forever. 

The bureau is also, through archeological work, resurrecting from 
the night of the past hitherto unrecorded chapters of the history of 
aboriginal Indian life that reached a high development and disap- 
peared before recorded history began. One cAudence of a prehistoric 
phase of Indian life is indicated by the pueblos and cliff dAvellers. 
Through erosion by the elements and vandalism due to man these re- 
markable houses are rapidly falling into decay. The Bureau of 
Ethnology is cooperating with the Department of the Interior in the 
excavation and repair of these remains in order that they may be of 
educational A^alue and preserA^ed for posterity. 

The field researches of the bureau the past year have been particu- 
larly important, both from ethnological and historical points of view. 
Hitherto unknown prehistoric monuments haA^e been discoA^ered and 
surveyed, while others preAuously known haA^e been excavated and 
permanently preserved. The advances made in ethnological knowl- 
edge, although often sIoav, are always important and have opened up 
new problems pleading for solution, indicating that the Avork of the 
bureau has barely begun, and that much aA^ailable information re- 
garding our aborigines still remains to be gathered. 

NATIONAL ZOOLOGICAL PARK. 

Increasing popular interest in the Zoological Park is manifest by 
the number of visitors, which aggregated 1,593,337 in 1918 as com- 
pared with 564,634 in 1909 and 633,526 in 1913. The park is an edu- 
cational center as ay ell as a place of resort for recreation and pleasure. 
This is shoAvn by the fact that 78 schools and classes visited the park 
in 1018, with a total of 4,945 individuals. It is like Aviso a center 
for the life-history study of animals, for they arc placed as nearly 
as practical in conditions of their natural environment, and as the 
collection increases m numbers or in kinds so does its value become 
of more importance as a source of scientific information. 
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There is now in the park a total of 1,247 aniinals, representing 345 
distinct species. These include 483 niainmals, 706 birds, and 58 
reptiles. The several species are enumerated in detail in the superin- 
tendent’s report in the appendix. 

A most interesting recent accession is the first specimen of the 
glacier boar or blue bear ever knowm to have been captured alive. 
It has a very limited distribution in the region of the St. Elias 
Alps, near Yakutat Bay, Alaska. Being one of the rarest and least 
known of the great game animals of America, specimens have been 
eagerly sought for zoological gardens. Among other accessions may 
bo noted keas, or sheep-killing parrots, and some flightless rails from 
Xew Zealand, and a large boa constrictor, 11 feet long, from Trinidad. 

For several years I have urged the purchase of certain parcels of 
land along the western boundary of the park and in 1913 an appro- 
priation was made by Congress for that purpose, but as the purchase 
could not be completed before the time limit of the appropriation, 
further legislation Ijecomes necessary for renewal of the allotment. 

The superintendent calls attention to a number of important needs, 
including roads, bridle paths, automobile parking space, grading and 
filling, a new aviary building, a reptile house, and outdoor quarters 
for mammals. 

A striking mark of the appreciation and interest of the children of 
Washington in the National Zoological Park is the tablet placed in 
the elephant house to the memory of the elephant “ Dunk,” through 
subscription to a popular fund by the children of Washington, 

whose favorite Dunk was for more than a quarter of a century.” 

ASTBOPHYSICAL OBSERVATOEY. 

The general direction of the vrork of the Observatory has continued 
under Dr. C. G. Abbot, who, in addition to these duties, has been 
occupied during the year with a number of scientific investigations 
directly c(mnected with the war. 

The investigation of the absorption of long- wave rays by long 
columns of air containing known quantities of water vapjr, refer- 
ence to which was made in ni}’ last report, have been continued and 
the results to date published in the Smithsonian Miscellaneous 
Collections. In describing his work Mr. Fowle says: 

The main rurpose of tliis researcii was to determine the transparency of 
wat('r vapor, under atmospheric condition^, to radiation sucii as the warm 
earth ^ends ti>ward space. Upon the absorptive property of water vapor rests 
in part Uie virtue of tlio atmosphere as a conservator of the heat which 
the earth receives from the sun. Radiation from the sun reaches the earth’s 
surface diminished by a certain portion scattered toward space and certain 
other portions ab'^orbed in the gases and vapors of tlie atmosphere. The re- 
turn of the energy of tliis radiation back to sjtace an indirect pnK*es<. The 
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warmed earth is cooled partly by convection currents playing over its surface 
and partly by direct and indirect radiation through the constituents of its 
atmosphere. Of these the principal hindrances to free radiation are aqueous 
vapor and carbonic acid gas. 

Mr. Fowle’s investigations have fixed the dependence of the trans- 
mission of the atmosphere on humidity for all wave lengths up to 17 
microns. This covers a region of spectrum about fifty times as long as 
that which is visible to the eye. At about 17 microns rock salt, which 
is used in preference to glass for optical work on long- wave rays 
because glass is opaque, itself becomes opaque. Further progress in 
the important region between 17 and 50 microns depends on finding 
a new transparent medium. Exj^erimcnts by Mr. Aldrich have 
shown that potassium iodide is suitable. But hitherto this substance 
has yielded no crystals bigger than buckshot. Fortunately, new 
methods devised for war purposes seem likely to furnish large crys- 
tals of this substance and there is great hope that the investigation 
of atmospheric transparency may soon be carried further. 

The total solar eclipse of June 8, 1918, was observed at Lakin, 
Kans., by Mr. Aldrich, of the Observatory, with two assistants. Some 
good photographs of the solar corona and other phenomena were 
secured. Throughout the afternoon and early night hours of June 
8 and 9 observations were made with the pyranometer. The results 
“measure the gradual diminution of the radiation of the sun and 
of the brightness of the sky as the eclipse progressed, the outgoing 
radiation of the earth's surface during totality, the gradual increase 
of sun and sky radiation afterwards, their decline toward sunset, 
and the outgoing radiation from the earth's surface after nightfall.” 

Investigations at Mount lYilson of the variability of the sun have 
been continued and improved. Observations were also made at 
Hump Mountain, X. C., but that station was abandoned as too 
cloudy, and in June, 1918, a station believed to be exceptionally well 
located was established near Calama in Chile at an altitude of 2,250 
meters where meteorological records indicate 300 days per year 
favorable for solar constant work. This station is supported by a 
grant from the Hodgkins fund. It is in charge of Mr. A. F. Moore 
and is exceptionally well equipped. 

IXTEBXATIOXAL FXCIIAXtiES. 

Ihe total number of packages liaiulled ]>y the International Ex- 
change Service during the year was 2GG,94G, weighing 18*2,825 pounds, 
as compared with 300,G9.*> pounds in 1917, the decrease being due 
almost entirely to war conditions. 

The operations of the exchange service have Ijeen somewhat cur- 
tailed during the past year by the impossibility at rimes of obtaining 
iseeso*^— 20 — s 
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cargo space. This condition and the excessively high freight rates 
necessitated shipments by mail where this could be done advan- 
tageously. Notwithstanding the scarcity of shipping, it is significant 
that governmental licensing boards for imports and exports, both of 
this country and of Great Britain, have recognized the importance of 
keeping open the interchange of scientific information by granting 
licenses to the Institution and its agents for the transmission of this 
material. Only three consignments of exchanges have been lost 
through hostile action since the beginning of the war. 

In the interchange of Government publications 91 sets of T mi ted 
States governmental documents Avere received for distribution to 
designated depositories in foreign countries. 

IXTEKNATIOXAL CATALOGUE OF SCIENTIFIC 
LITEKATURE. 

The United States Bureau of the International Catalogue of Scien- 
tific Literature is carried on by the Smithsonian Institution by means 
of a congressional appropriation. The central bureau is in London, 
Avhorc data from regional bureaus are assembled and published in 
scries of annual catalogues. The Avar has very greath' interfered 
Avith tills work, some countries being so much in arrears in their con- 
tributions toward its support as to necessitate unusually large sub- 
scriptions from several institutions. 

As its name indicates, the catalogue is made up of bibliographical 
Tcforences to scientific literature in various countries. The United 
States bureau siiuT 1910 has colle( ted data for this country, aggregat- 
ing more than 350,000 reference cards. The 17 annual Aulumes issued 
in London are sold at an annual subscription price of $8.5. chiefly to 
large reference libraries and important scientific institutions, the 
proceeds covering in part the cost of the publication. 

At the international convention in London in 1910 a committee was 
authorized to secure cooperation Avith other similar organizations in 
the preparation of the catalogue and to broaden its scope to include 
technical industries closely allied to researches in pure science. This 
would not only lead to economy of labor but would provide a uniform 
reference to the literature of all sciences. 

NEC^ROLOGY. 

AVTLLIAM JOrO STOXB. 

William Joel Stone, A. B.. LL. D,, United States Senator, regent 
of the Smithsonian Institution, was born in Madison County, Ky., 
May 7, 1848, and died April 14, 1918. Mr. Stone Avas educated at 
Missouri University, which later conferred upon him the degree of 
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LL. D. He vras admitted to the bar in 1869, after which he was 
successively prosecuting attorney of Vernon County, Mo., Repre- 
sentative in the Forty-ninth, Fiftieth, and Fifty-first Congresses, 
and governor of Missouri. He was a member of the Democratic 
Xational Committee from 1S9G to 1001, vice chairman of the com- 
mittee from 1900 to 1901, and in 1903 was elected to the United 
States Senate, to which office he was twice reelected. He was regent 
of the Smithsonian Institution from 1913 until his death. 

CHARLES WARREX FATRBAXKS. 

Charles Warren Fairbanks, A. B., A. AL, LL. D., twenty-sixth 
Vice President of the Lmited States, regent of the Smithsonian In- 
stitution, was born in Union County, Ohio, May 11, 1852; died 
June 1, 1918. Mr. Fairbanks was educated at Ohio Wesleyan Uni- 
versity, was admitted to the Ohio bar in 1871, and established prac- 
tice at Indianapolis, Ind. He was delegate and chairman in several 
national political conventions, United States Senator from Indiana 
from 1897 to 1905, A"ice President of the United States from 1905 
to 1909. During his term as Vice President he was ex officio regent 
of the Smithsonian Institution, and was again regent by resolution 
of Congress from 1912 until his death. 

Respectfully submitted. 


Charles D. Walcott, tanj. 
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KEPOET ON THE UNITED STATES NATIONAL IVIUSEUM. 

Sir: Owing to the death on July 16, 1918, of Mr. Kichard Eathbun, 
Assistant Secretary of the Smithsonian Institution in charge of the 
National Museum, the duty devolves on me of submitting the follow- 
ing report on the operations of the United States National Museum 
for the fiscal year ending June 30, 1918 : 

WAU ACTIVITIES. 

During the trying conditions that have prevailed in the Llnited 
States since it entered the war, the National Museum has demon- 
strated its value as a national asset in many ways. Members of its 
staff of experts, its great collections, its laboratories, and all the in- 
formation in its possession, have been placed unreservedly at the serv- 
ice of the executive departments and other Government agencies, and 
have been freely used by a number of them. Some of its exhibition 
halls have been closed to visitors and turned into office quarters for 
one of the important war bureaus of the Government. Facilities for 
the comfort and recreation of officers and men stationed in the vicinity 
and drilling on the Mall have been provided in the buildings, and the 
reading rooms of the libraries have been equipped with tables and 
writing materials for all men in uniform. 

Its department of geolog}^ has been frequently called upon to fur- 
nish the Bureau of Standards, Naval Experiment Station, Depart- 
ment of Agriculture, Geological Survey, the Carnegie Institution, and 
various arsenals, materials for experimental work. A single call from 
the Bureau of Standards embraced 27 varieties of minerals, many of 
which were rare. To meet all of these demands, it has been neces- 
sary to make trips into the field to secure additional supplies. At the 
request of the National Eesearch Council the head curator of this 
department has taken over the entire work of securing optical quartz 
for the needs of the United States and of Great Britain, involving a 
large volume of correspondence and travel to different points. 

The division of mineral technolog}" has concentrated its activities 
for the year upon the interrelationships, and consequent interdepend- 
ence, existing in the industries sustained by mineral resources. In 
addition to instructive exhibits, the curator and his assistants, in the 
solution of the problems connected with the fertilizer, sulphur, fuel, 
and power situations, have prepared for publication pamphlets which 
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have been not only in great demand by publishers of technical papers, 
engineers, and business enterprises interested, but of particular value 
to the Government bureaus handling these matters. They have fur- 
nished, also, a large amount of data to the Shipping Board, the fuel 
and fertilizer administrations, and the War and Navy Departments, 
including suggestions for insuring a sustained source of oil, and for 
the systematic assemblage of industrial data as a basis for reconstruc- 
lional work in man power. 

The division of physical anthropology has furnished a large 
amount of information on racial questions, particularly relating to 
the Balkans, to the National Eesearch Council, and the Army and 
Navy Intelligence Bureaus. 

In the conservation of food, the curator of the division of textiles, 
having charge of food and animal products, cooperated with the 
Food Administration in planning graphic exhibits for use through- 
out the country on the subject of conservation. He was also ap- 
pointed exhibits director in the District of Columbia and served as 
chairman of the campaign committee to carry out food conservation 
in the District. Incidentally he has prepared and placed on exhibi- 
tion an instructive exhibit of foods in the National Museum. Infor- 
mation was also furnished by him to the United States Shipping 
Board on raw commodities, and assistance in working out a system 
for classifying commercial data on vegetable fats and oils. 

The ^luseiim photogi*apher has rendered valuable assistance in 
connection with the organization of laboratories in the War and 
Navy Departments, and also in confidential mattei's. 

Other lines of work in which the Museum was active included geo- 
logical and biological problems arising in gas warfare, peat investi- 
gations, questions in connecti<m with the construction of concrete 
ships and other similar problems, the translating of communica- 
tions. etc. 

Since the war commenced employees of the Museum have been 
granted furloughs to enter the military service of the countrv. 

Bureau of War Ri^lc Insurance . — In October, 1U17, at the request 
of the Pre^^ldent of the United States, space in the natural history 
building of the Museum was placed at the disposal of the newly or- 
ganized Bureau of War Kisk Insurance of the Trea'^iuy Department 
the foyer on the ground floor and the adjoining rooms beiim con- 
verted into oflices for the preliminary stages of the work. Bv re- 
arranging some exhibition halls and by ckjsing others, additional 
space was given for the purpose from time to time as the force of the 
bureau increased, so that at the close of the fiscal year the bureau 
occupied 69,280 square feet in the foyer, adjoining rooms, auditorium, 
and ranges on the ground floor, ami in the rcitiinda and the exhibi- 
tion halls on the first floor, extending from the center of the north 
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hall around east through the southern section of the Avest halh pro- 
viding accommodations for 3,059 employees. This occupancy nec- 
essarily involved many changes and inconveniences, including the 
closing of the auditorium, with the cancellation of meetings and 
congresses. The importance of the work with which the bureau 
is charged — not only of providing insurance for the soldier and sailor, 
but of paying to their dependent families the allotments made by 
them and by the Government — more than justified any and all sac- 
rifices required, and the heartiest cooperation and assistance was 
cheerfully rendered by the entire staff of the Museum. 

On July 16, 1918, at the further request of the President, the 
Board of Eegents closed the natural history building to the public, 
in order to make every foot of space in the exhibition halls available 
for the Bureau of War Risk Insurance. 

COLLECTIONS. 

The additions to the collections, received in 1,288 accessions, aggre- 
gated approximately 142,902 specimens and articles, classified by sub- 
jects as follows : Anthropology", 11,058 ; zoology, 61,537 ; botany, 
38,123; geology and mineralogy, 11,370; paleontology, 17,896; tex- 
tiles, woods, medicines, and other miscellaneous animal and vege- 
table products, 1,532; mineral technology", 308; and National Gallery 
of Art, 1,078. Seven hundred and eighty-one lots of material were 
received from various parts of the country for examination and 
report. 

Space here permits the mention only of some of the important 
additions of the year. 

Anthropology , — The ethnological collections were increased by 
some 400 specimens collected in Celebes by Mr. H. C. Raven and pre- 
sented by Dr. W. L. Abbott ; examples of the work of the Dy-aks of 
Borneo, donated by Mr. Alfred M. Erskine; African, Chinese, Fili- 
pino, and Porto Rican ethnologica from Miss Josephine A. Rohrer; 
baskets from the Koasati Indians, a potteiy-making series of the 
Catawba Indians. Sioux and Chippewa o})jects, and Voodoo drums 
and charms from Haiti. 

Thi'ough explorations under the Smithsonian Institution came 
relics from ancient cliff* and cavern dwellings in New Mexico col- 
lected by" Dr. Walter Hough, and archeological objects from Utah 
gathered by" Mr. Noil^ M. Judd. The Museum of the American 
Indian. Hey"e Foundation, sent an exchange of ancient Indian relics 
from the Virgin Islands, including stone implements and pottery. 
Stone implements were also received from Mr. J. G. Braecklein, and 
prehistoric implements gathered in Mexico fnuu the Bureau of 
American Ethnology. Effigy eartlicn ^'es^els from the Casas 
Grandes. Mexico, were donated by ^Miss Edith Symington, and an- 
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tique pottery with glaze color designs from Arizona by Mr. Victor J. 
Evans. The Royal Ontario Museum of Archeology, Toronto, con- 
tributed, by exchange, important Old World archeological objects, 
including Babylonian inscribed cuneiform tablets, stone implements 
from Egypt, France, and England, bronze and iron implements 
from Greece and Italy, besides Egj'ptian pottery, beads, Coptic cloth, 
and arrowheads. A unique roasting spit found near the Colosseum, 
a marble head of Hercules, and some Roman coins were among the 
objects donated by Capt. Clarence Wiener of the British Army; 
of particular interest also were a bronze lamp, a rosary of Ken- 
tucky coffee beans, and a prayer book and selections from the Scrip- 
tures arranged for Jews serving in the Army and Navy of the 
United States. 

The division of physical anthropology was enriched by Indian 
skulls and other bones from Alaska, Florida, Illinois, and the Navaho 
Reservation, a skull from the French Congo, an interesting cranium 
from the Malay Archipelago, a skull and part of the skeleton of an 
Eskimo, various other skeletal specimens, and plastic restorations of 
certain supposedly early man. 

The original full-sized Langley flying machine of 1903 and a dupli- 
cate set of cylinders for the engine were deposited in the Museum 
by the Institution. Begun by former Secretary S. P. Langley for the 
War Department in 1898, in the interest of national defense, this 
machine has been demonstrated to be the first aeroplane constructed 
capable of sustained free flight carrying a man. 

To the mechanical collections were added also revolvers and swords 
of Santo Domingo manufacture: modern firearms of English and 
American make, including a British Enfield rifle, model of 1914, and 
an up-to-date high-power sporting rifle ; three guns which belonged to 
the late William Cost Johnson, Member of Congress from ISIarvland, 
1833-1843; primitive appliances used with sporting rifles from 1840 
to 1870; a crude iron box with flintlock attachment designed for firing 
an explosive ; molds for casting lead bullets ; a signal pistol used by the 
United States Navy in 1884; and a blunderbuss said to have been 
used in defending mail coaches running between Baltimore and 
Washington in the olden time. 

Mr. Hugo Worch added 26 pieces to his previous munificent dona- 
tion illustrating the history and development of the pianoforte, and 
including dulcimers, spinets, clavichords, harpsichords, and organs, 
increasing the extent of this notable collection to 143 instruments. 

The J. Lewis Ellis and Olive M. Ellis Memorial Collection was 
increased by an extensive series of articles in glass, porcelain, silver, 
and embroidered handkerchiefs and other textiles. Examples of 
Venetian glass, showing miniature portraits and landscapes by the 
famous glassworker, Jacopo Franchini. were received from Cavaliere 
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Salvatore Arbib through the American consul at Venice, Mr. B. 
Harvey Carroll, jr. Two bronze vases presented by the Government 
of Japan in 1884 to Commander John B. Bernadou, United States 
Navy, reached the Museum through bequest of his widow. Among 
loans were period china and Dresden groups and Japanese and Chi- 
nese ivory carvings. 

To the division of graphic arts came woodcut blocks and progres- 
sive proofs from them, the work of Gustave Baumaim; specimens 
of intaglio color printing from Miss Gabrielle De V. Clements ; illus- 
trations of the new process ‘‘ brulegravure,” from the inventor, Mr. 
John Williams Bobbins, and an akrogi^aph portrait made by Lord 
Kelvin. 

The historical relics included a flag flying on the Zeppelin at 
the time of its capture at Bourbonne les Bains, France, October 17, 

1917, by Lieut. Lefevre, of the French Army, which reached the 
Museum by transfer from the United States Marine Corps, through 
Maj. Gen. George Barnett, commandant. This was accompanied by 
small fragments of the gas bag and of the outer envelope of the L~!i9, 
Another trophy, received through President Wilson, was the Ameri- 
can flag made at Islay House, Islay, Scotland, for use at the funerals 
of American soldiers lost with the transport Txiscanm^ February 5, 

1918. 

The original note written by Gen. U. S. Grant to Lieut. Gen. 
Simon B. Buckner, Confederate States Army, demanding the un- 
conditional surrender of Fort Donelson, was contributed by Mrs. 
Glenn Ford McKinney, and a large collection of relics pertaining to 
Maj. Gen. George B. McClellan, United- States Army, including a 
number of swords, came as a gift from his son, Hon. George B. 
McClellan. 

Among other historical relics received were a gold watch owned 
by Maj. Gen. C. C. Washburn; uniform chapeaux, epaulets, military 
insignia, and uniform buttons worn by Col. John X. Macomb, 
United States Army; a uniform coat of Gen. Samuel Jones, Con- 
federate States Army; a fragment of the Confederate military bal- 
loon made in Eichmond, Va., of silk dresses; relics of the War of 
1812-1815, the War with Mexico, and the Civil War, brought together 
by Bvt. Maj. Gen. Edward D. Townsend, United States Army; a 
sword carried by Col. William Dudley during the War of 1812-1815; 
and a snuffbox given by Bear Admiral Charles Stewart, United 
States Navy, to Coxswain William C. Pardons, who in turn pre- 
sented it to Bear Admiral George H. Preble, Lmited States Navy. 
The naval service was further represented by relics relating to Ad- 
miral David G. Farragut, from the estate of his son Loyall Farra- 
gut, augmenting the large collection received a yenr ago. A sword 
and pair of flintlock pistols owned by Brig. Gen. Daniel Eoberdeau 
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during the Eevolution, and a spyglass and steel tape measure used 
by Lieut. Col. Isaac Roberdeau, when assisting in laying out the 
city of Washington, were among objects lent to the Museum, as was 
also a portion of the set of chinaware presented by Gen. Lafayette 
to Mr. and Mrs. George Graham, of Virginia. 

To the historical costumes were added Imee breeches and waist- 
coat worn during the Revolution by Col. Tench Tilghman; the 
official costume and sword of William L. Dayton, American minister 
to France in 1861-1864; the official costume and sword of William L. 
Dayton, jr., secretary to the American Legation in Paris during that 
period ; and a satin dress worn by Mrs. Annette Henry xVlger, wife of 
Russell A. Alger, Secretary of War, 1897-1899. 

Particularly noteworthy is the collection of medallic Lincolniana 
assembled through many years by Mr, Robert Hewitt, of N'ew York 
City, and presented by Mrs. Hewitt, consisting of 1,200 medallic 
souvenirs, including medallions, plaques, medals, coins, tokens, and 
badges. The Robert Hewitt collection is remarkable for the very 
wide range of subjects and types of numismatic material which it 
covers, and constitutes an epitomized medallic record of the career 
of President Lincoln. The United States Mint contributed a large 
series of bronze replicas of United States military and naval service 
medals, commemorative medals, and medals of award. 

The philatelic material in the Museum was augmented by 3,186 
specimens. Of the 2,706 transferred from the Post Office Depart- 
ment, 1,506 represented new issues received by the Department from 
the International Bureau of the Universal Postal Union. 

Biology , — While the various divisions of this department report a 
decrease both quantitatively and qualitatively in the additions of the 
year, it is notable that they relate in most instances to the floras and 
faunas of foreign lands remote from the scene of war and war 
preparations. 

Anotlier trip to Haiti by the indefatigable collector and generous 
friend of the Museum, Dr. W. L. Abbott, resulted in important 
material for the Museum from that and adjoining islands, including 
new and rare forms of birds and reptiles. Mr. H. C. Raven, operat- 
ing under the auspices of Dr. Abbott, continued collecting birds and 
mammals in Celebes, moving toward the middle of the i-land and 
visiting one or more of the high peaks. He obtained interestin<y 
species and genera not found at lower levels, some of the species 
apparently new to science and bcveral genera new to the Museum 
collection. Coming from the border country between north and south 
Celebes, the faunas of which differ considerably, the full significance 
of the series can only be appro(*latcd when the entire Celebes 
collection has been carefully studied. 
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The Bureau of Science at Manila contributed a large lot of plants 
from Amboina, Borneo, and the Philippines. From the Philippines 
came also an important collection of named chaetognaths transferred 
by the Bureau of Fisheries, and land shells donated by Mr. Walter F. 
Webb; and butterflies from the Philippines and Yucatan were con- 
tributed by Mr. B. Preston Clark. Hawaii sent a large lot of plants 
collected by Mr. A. S. Hitchcock, besides algae and mollusks. 

South America was represented by the important collections of 
mammals, amphibians, and reptiles collected by the Peruvian expe- 
dition of 1914-15, under the auspices of Yale University and the 
National Geographic Society, adding the first fully representative 
series in these groups received by the Museum from any large area 
of South America. The Museum has been and is even now extremely 
deficient in material from that continent, and the collections pre- 
sented by the authorities responsible for this expedition are therefore 
of the utmost value as forming the basis of future work by American 
zoologists in that long-neglected field. A collection of fishes from 
western Colombia, received by exchange from the Carnegie Museum, 
Pittsburgh, supplements material obtained a few years ago in connec- 
tion with the Smithsonian biological survey of the Isthmus of Pan- 
ama, as did also a series of plants from Panama contributed by Mr. 
Ellsworth P. Killip. From Argentina, Yenezuela, Curacao, and the 
Galapagos Islands came large lots of plants. 

South and Central America, as well as western United States, were 
represented in the donation by Dr, Harrison G. D3"ar, custodian of 
Lepidoptera, of personal collections aggregating some 35,000 insects 
and including some 15,000 named Lepidoptera, 1.000 named sawflies, 
and large series of mosquitoes and miscellaneous Diptera. 

A new genus and species of river dolphin from Tung Ting Lake, 
China, afforded a remarkable novelt^^ in the increment to the mammal 
collection, belonging to a group of porpoises which includes nu- 
merous extinct forms found fossil in Europe and the eastern Lmited 
States, its onh^ known living relative occurring in the large rivers 
of South America. 

In northern China interesting series of birds, mammals, fishes, rep- 
tiles, and insects were collected for the Museum b}^ Mr. Arthur dc C. 
Sowerby, who has lateh^ returned to England for war duty. These 
supplement collections made bv him in that country for the Museum 
during the past 10 years. From China came also some 1,200 plants 
from the Canton Christian College, and Chinese and Japanese plants 
were obtained from the Arnold Arboretum of Harvard L^niversity. 

The Collins-Garner Congo expedition, on which the Museum is rep- 
resented by Mr. C. E. W. Aschemeier. sent large lots of well-prepared 
mammals and birds and smaller numbers of insects, plants, and shells 
from the French Congo, greatly needed for comparison with the 
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remarkable East African series in the Museum. Of birds alone this 
contains 10 or more species hitherto not possessed by the Museum 
and at least 1 genus. 

The Public Library Museum and Art Gallery of Western Aus- 
tralia, at Perth, supplied in exchange a number of particularly de- 
sirable mammals, birds, reptiles, and batrachians from Australia. 

Even the Arctic contributed to the additions of the year. Jfearly 
700 crustaceans and mollusks collected by the Canadian Stefansson 
Expedition to the Arctic, 1913-1916, were presented by the Dominion 
Commission of Fisheries, Department of Xaval Service, Ottawa, in 
recognition of services rendered by members of the Museum staff in 
identifying material. 

During his explorations in British Columbia, Secretary Walcott 
collected for the Museum a number of large mammaL, including a 
family of moose, Avhich form a valuable addition to the Xorth Amer- 
ican series of mammals. The activities of various Government agen- 
cies, mainly the Bureau of Fisheries and the several bureaus of the 
Department of Agriculture, resulted in much material for the 
Museum from the United States, representing practically every 
branch of biology and including particularly large series of grasses 
and insects. Of Xorth American material mention should also be 
made of especially well prepared bird skins and skeletons from 
southern California presented by Mr. Edward J. Brown; marine 
invertebrates collected in Magdalena Bay by the donor, Mr. C. K. 
Orcutt; a killer whale from Florida representing a genus new to the 
coasts of the Lmited States contributed by Mr. Lawrence S. Chubb, 
and plants from Alaska and California from Prof. W. L. Jepson. 

Various localities, both domestic and foreign, were represented in 
an exchange from the Boston Society of Xatural History of over 
2,300 crustaceans and mollusks, and some 12,000 specimens of Ameri- 
can and foreign bird eggs were lent to the Museum by Dr. T. W. 
Richards, U. S. Xavy. 

Geoloijij . — Special attention was paid to building up the collection 
of minerals heretofore classed as rare earths and rare metals, which 
have become of importance through the outbreak of the war. A 
group of exhibition specimens secured mainly through the efforts of 
Mr. F. L. Hess consists of a large mass of scheelite ore weighiim 
2,614 pounds, showing the full width of the vein and said to be the 
largest mass of tungsten ore yet mined; about 100 pounds of molyb- 
denum-copper ore showing the interesting geological associations of 
molybdenite; partly oxidized tung'^ten showing the atmospheric 
alteration of the common tungsten ore mineral wolframite; scheelite 
ore replacing limestone and showing unusually large cleavao-e sur- 
faces of the ore mineral: a sawn mass of brecciated ferberite ore— 
the so-called ''peanut ore: *’ a specimen of molybdenite; molybdenite 
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and inolybdite in altered rhyolite; a mass of the newly discovered 
sulphide tungstenite; crystallized fex^berite; and a collection of 15 
ores and minerals, including molybdenite from Canada, carnotite 
replacing wood, ferberite in the form of iridescent crystals, and a 
specimen of the rare uranium- vanadium mineral iiranite impreg- 
nating friable sandstone. 

The exhibit of steel-hardening metals was further augmented by 
specimens of vanadium ores with incrustations of crystals of the 
ore minerals a anadinite and descloizite. Other gifts of interest in- 
clude a series of specimens from the famous nitrate deposits of 
Chile showing the caliche and its natural associations, a cross-fiber 
vein of asbestos showing unusually long pure fibers, and sandstone 
impregnated with the blue molybdenum sulphate, ilsemannite. 

Collections made for the division by members of the staff included 
large exhibition specimens illustrating unconformities, conglom- 
erates, rock phosphate, and phosphatic limestone secured by Dr. R. S. 
Bassler; albite crystals of unusual type, columbite, black mica, stau- 
rolite, bauxite, and quartz, the last named mainly for use by the Sig- 
nal Corps of the Army, collected by Dr. George P. Merrill ; rocks to 
illustrate weathering, obtained by Dr. J. C. Martin; sphalerite Avith 
associated minerals and brecciated chert, and apatite and hematite, 
collected by Dr. Edgar T. MTierry. 

A mass of graphite, sIioaa ing an unusual columnar structure, was 
transferred from the United States Geological Survey, as were also 
blocks, fragments, and pebbles from an Alaskan glacial ground mo- 
raine of Silurian age, and a choice figured specimen of arborescent 
calcax'eous sinter from the Mammoth Hot Springs, Yellowstone 
National Park. 

Of meteorites there Avere added a newly found stone from Eustis, 
Fla.; a slice of the Carleton siderite; 280 grams of an undescribed 
stone from Kansas City, Mo.; and an 826-gram specimen of the 
Burkett (Tex.) meteoric iron. 

In the division of mineralogy and petrology gifts of exceptional 
value from Mr. C. S. Bement included particularly fine exhibition 
specimens of het aerolite, crystals of rhodonite, zincite, leucophoeni- 
cite, manganosite crystals, a cut gem, a free crystal and an embedded 
crystal of willemite, and Avillemite with friedelite and white zeolite, 
all from Franklin, N. J, ; calamine, pyrite, and milky quartz, from 
Colorado ; free cr^^stals of scheelite and scheelite crystals attached to 
chalcopyrite, from Mexico; an exceptionally fine, large tAAunned crys- 
tal of quartz and an unusual crystal of danburite. from Japan: the 
rare mineral achtaragdite and a variety of A^esuvianite — wiluite — 
from Siberia. 

The American consul at Changsha, China, Mr. Nelson T, Johnson, 
donated a specimen of twinned cinnabar crystals from China, show- 
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ing seven groups of crystals more than half an inch in diameter, and 
as far as known the finest of its kind in the United States. 

Other additions included crystals of tetrahedrite embedded in 
quartz, galena with crystals of anglesite, gem stones of variscite, 
opalized shells from the Cretaceous of South Australia, beryl, milky 
quartz crystals, crystals of selenite, large pyrites, aragonite crystals, 
besides type specimens presented by Dr. Henry S. Washington, of the 
Geoph 5 "sical Laboratory, and minerals described by Prof. A, S. 
Eakle, of the University of California, and by Dr. W. F. Hillebrand, 
of the Bureau of Standards. 

Specimens illustrating the geology and ore deposits of the Tintic 
district, Utah, the basis of Professional Paper 107, of the Geological 
Survey, by Prof. Waldemar Lindgi’en and Dr. G. F. Loughlin, w^ere 
received as a transfer from the Survey, and an interesting series of 
rocks collected in the Orient by Dr, J. P. Iddings, in 1910. was 
formally turned over to the Museum. 

Of the increment to the collections of invertebrate paleontology 
mention should first be made of about 10,Q00 specimens of Middle 
Cambrian fossils obtained by Secretar}" Walcott from the celebrated 
locality at Burgess Pass, British Columbia, comprising the study 
and reserve material of this wonderful fauna, the types of which 
were previously received as were these, by deposit from the Smith- 
sonian Institution. 

A number of large fossils, mainly corals, and fossiliferous limestone 
slabs were collected by Dr. Bassler for enlarging the coral reef in- 
stalled in the exhibition series last year. 

Well preserved invertebrate fossils from the Cretaceous formation 
of Tennessee constituted the most important addition to the Mesozoic 
collections. Of interest both for exhibition and stud\' were fossil 
insects preserved in coj^al resin, collected by Prof. D. S. Martin by 
searching the gum copal from the Pleistocene deposits of East 
Africa shipped in large quantities to the varnish factories in the 
vicinity of Brooklyn. 

Paleozoic and Mesozoic fossils especially selected to round out the 
study series of European forms, and ammonites from the Jurassic 
rocks of France needed in the revision of the exhibit of these forms, 
were secured by exchange. To the study series were added Tertiary 
fossils from the Pacific coast, and the Devonian stratigraphic series 
was increased by a rather complete representation of fossils from 
the Hackberry and Hamilton groups of Iowa. Small lots of well- 
preserved Eocene insects and a fossil fish collected in Colorado were 
of interest because of their rarity. 

The section of vertebrate paleontology secured from the United 
States Geological Survey, the most important collection of fossil 
turtle remains ever brought together from the southwestern part of 
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the United States^ many specimens being suitable for exhibition and 
no less than 49 are sufficiently well preserved to be identified specifi- 
cally. Other well-preserved turtles acquired included the type of a 
box turtle described by Dr. O. P. Hay, and an example from the 
Cretaceous of Georgia, valuable chiefly on account of its locality. 

Fossil bones of the mammoth, rhinoceros, and horse collected for 
the Museum in Siberia by Mr. John Koren to supplement the ma- 
terial obtained by the Koren expedition in 1914-15, included a beau- 
tifully perfect mammoth humerus over 3 feet in length, indicating 
an animal of magnificent proportions. 

Type material comprised the important additions in paleobotany. 
Fossil plants from 'Wyoming, the basis of a paper by Dr. F. H. 
Knowlton, were transferred from the survey; two lots from South 
America were contributed by Prof. E. Berry, the first from the 
Tertiary rocks of Bolivia, valuable not only as type specimens, but in 
furnishing data for additions to the geologic history of that country, 
the second from the Miocene of Peru; and specimens from Beaver 
County, Okla., described l)y Prof. Berry, were donated at his re- 
quest by Prof. E. C. Case. 

Textiles , — The efforts of douiestic manufacturers to take advan- 
tage of the opportunity afforded by the war is shown by upholstery 
velvets and velours manufactured in this country from mercerized 
cotton, mohair, or silk, or combinations of these, including antique 
Venetians made of mercerized cotton in imitation of old French and 
Italian fabrics and intended to lake their place at a reasonable price. 

The silk goods series was augmented by new figured novelty silk 
representing beautiful effects in the cross-dyeing of combinations of 
cotton, wool, artificial silk and spun silk, brocaded piece-dyed satins, 
figured cross-dyed crepe georgette, crepe meteore, and fabrics printed 
in designs suggesting water movements, silk poiilins, georgette crepe 
printed in spiderweb-like design called “ camouflage,” and suggest- 
ing Japanese batik work, ^‘Moon-Glo” crepe, a novelty crepe weave 
fabric with metalliclike surface, and a rough surface fabric printed 
with an all-over oriental design. 

Fine silk fabrics ornamented with attractive designs by means of 
discharge printing are believed to be among the best examples of this 
method of printing fabrics that have lieen produced in the United 
States. These included Luxor taffeta, in Persian, Saracenic, and 
Italian designs of the eighth, thirteenth, and fourteenth centuries, 
copies from ancient Peruvian fabric^, and ^^'edgwood prints which 
carry out remarkably the relief effect copied from Wedgwood 
pottery. 

Woolen fabrics of the worsted type, wcjven from combed wools, are 
well represented in the Museum collections, but the carded woolen 
industry has not been adequately covered heretofore. Particularly 
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welcome therefore were some excellent examples of this type of fab- 
ric, comprising broadcloth, beaver, zibeline, chinchilla, flannels, over- 
coatings, and a strong corkscrew-weave fabric used for shoe tops. 
Owing to the need of conserving wool for use in the manufacture of 
military clothing, new types of fabrics for civilian use have been put 
on the market by manufacturers. One of these reaching the museum, 

Honey cloth,” is a cotton warp worsted having the weft threads 
composed of one-fourth mohair and three-fourths wool. 

To the series of implements used in preparing and weaving textile 
fibers were added an old flax breaker and two small looms of the 
types employed in producing Gobelin and Beauvais tapestries, to- 
gether with a repairing board used in mending such fabrics. Some 
of the first embroidery machines brought to the United States from 
Europe are doing war work by embroidering service insignia for the 
Government. A contribution of 107 specimens of such official emblems 
of the United States Army, the United States Navy, the Food Admin- 
istration, and the Boy Scouts of xVmerica, on standard uniform fab- 
rics, makes a popular exhibit. ^ 

In emphasizing the importance of food conservation a large series 
of foodstuffs received as gifts from manufacturers or as transfers 
or loans of Government property enlarged the old section of foods 
and permitted an exhibit along the line of the Food xVdministration. 
Besides series of wheat substitutes, examples of the conservation of 
surplus fruits and vegetables by dehydrating and by canning were 
secured, and material to show the high food value of soy beans and 
peanuts. An exhibit of 74 models of ordinary articles of diet, each 
one representing a quantity of food sufficient to produce a heat value 
of 100 calories, shows graphically the relative heat value of the vari- 
ous articles in a manner easily comprehended by everyone. 

Hand samples of woods produced by 344 trees indigenous to North 
America, carefull}^ determined in the preparation of the Tenth Census 
Keport as to value as fuel and for construction, reached the Museum 
from the United States Naval xVcademy at xUmapolis, and the New 
York State College of Forestry contributed a collection of wood 
specimens representing the more important species in use in the in- 
dustries of New York State. Other additions to the section of wood 
technology included log sections cut from trees felled in Smithsonian 
and Seaton Parks in recently clearing the ground for the erection of 
temporary buildings for the War Department; an elaborate display 
of “ Korelock ” doors ; a standard aeroplane propeller and an impeller 
also of laminated wood construction; specimens showing steps in the 
manufacture of a baseball bat, of a wagon wheel, of an automobile 
wheel, of a saw handle, of a billiard cue; and various specimens of 
California redwood. 
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In the division of medicine eflforts ^vere concentrated on obtaining 
exhibition material of educational rather than scientific value. Illus- 
trating organotherapy was a series of fresh specimens of glands and 
glandular tissues together with finished products of the different 
forms in which they are administered. Specimens illustrating the 
manufacture of pepsin and the finished product in various forms in- 
cluded a sample of pure pepsin with a standardized strength of 
1 : 20,000, that is, it has the power to dissolve 20,000 times its own 
weight of freshly coagulated and disintegrated egg albumen. Other 
exhibits of crude vegetable drugs, synthetic medicinal chemicals, in- 
organic chemicals, plant constituents, opium and its products, cin- 
chona bark, aloes, and cascara sagrada were secured. 

Mineral technology . — In assembling collections representative of 
mineral technology, comprehensive popular exhibits had been ar- 
ranged at the beginning of the year, comprising abrasives, asbestos, 
asphalt, cements, coal, copper, glass, gold, graphite, iron, lead, lime, 
mica, petroleum, plaster, salt, sulphur, and tin. Under existing con- 
ditions it was decided to confine activity to enhancement of what 
was already established, deferring for the time being the various 
projects for numerical expansion. Accordingly an exhibit was added 
to the coal series showing the scope of recent American enterprise 
in the direction of coal product manufacture. It consists of a 200- 
pound lump of bituminous coal with derivatives in the form of dye- 
stuffs and other chemicals to the number of 233. The series treating 
of gold was enriched by a large panoramic model showing the occur- 
rence and the various methods employed in winning the metal. The 
magnificent panoramic model of the Bingham Canyon Copper Min- 
ing operations was completed, as was also the model, in part placed 
on display a year ago, showing the operations of lead manufacture. 

In an effort to be of service in the present emergency of war five 
lines of investigation, which have been under consideration for sev- 
eral years in assembling exhibits, have been developed in the course 
of the year. These comprised fertilizer materials, sulphur, coal 
products, power, and petroleum. To mobilize the economic forces 
of production and to fill in their gaps is as necessary as that of 
effecting the requisite military organization, and far more intricate. 
The difficulty in building up deficiencies as they become apparent 
lies in the complexity of interrelationship. Especially is this true 
among the chemically conducted industries. First, there is the group 
relationship of progressive segregation, notably instanced in the 
coal-product series, wherein the isolation of any one product entails 
the work leading to the isolation of many others. Then comes the 
group relationship of recombination into usable form, as in the case 
of fertilizer manufacture, where an entirely different basis of inter- 
136650®— 20 4 
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dependence is established drawing variously upon the other groups 
and linking them together. Thus to build up a deficiency in any one 
specific direction it often becomes necessary to carry the work of 
reconstruction far afield. 

As applied to mineral derivatives, the question of interrelationship 
has been a subject of special study in the division of mineral tech- 
nolog;\" from the time of its establishment, and it was felt from the 
outset that here lay the chief opportunity to render service. When 
the country's deficiency in fixed nitrogen came up for consideration 
some two years ago occasion was taken to point out ^ that a nitrogen 
situation as a thing apart and to itself did not and could not exist — 
(hat it was inextricably involved with the coal-product situation 
and fertilizer situation, and that the only remedy lay in giving heed 
to this interrelationship. So it is with the work of mobilizing the 
various other chemically conducted industries on a war-time basis. 
The need of giving advance heed to this question was appreciated 
by our enemies — Germany entered the war as fully prepared in this 
field as in the military branches. It was inadequately appreciated 
by those who eventually came to be our allies, however; while in 
the United States, up to the actual outbreak of hostilities, it was 
entirely disregarded as a national issue. Paramount among the 
problems thus entailed are those presented by the industrial groups 
having to do with the fertilizer materials necessary to an adequaev 
of foodstuffs, and with the energy resources requisite to the work of 
manufacture. In contributing to the solution of these two basic 
problems, investigations projected by Mr. Chester G. Gilbert, com- 
prising fertilizer materials, sulphur, coal products, poAver, and petro- 
leum, have resulted in the publication of pamphlets on the inter- 
pretation of the fertilizer situation, industrial independence in sul- 
phur, an object lesson in the resource administration in coal products 
and the coal resource and its full utilization. Papers on power and 
petroleum were completed but not published at the end of the year. 
In view of the tendency toward duplication in the scientific work 
in GoA^ernment departments, it is of special note that it is not pur- 
posed to initiate any new scientific or technical lines of Avork but 
merely to interpret technical facts in popular form. This is not onlv 
of vital importance but it is peculiarly the function of the Xational 
Museum. 

NATIONAL OALLKUY OF ART. 

In the last report it Avas stated that foundations had been laid for 
a granite structure on the Smithsonian Eeser\'ation to house the 
Charles L. Freer Collection. Though some delays Avere encountered 

* Sourct"^ fif nitros«‘r cornpoiinrls in the Unit* d States, hy Che^t<‘r O Oilbe t y 
soniaii Iii'^titution Special Publiration No. 2421, June, 1916. ^ ‘ 
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in procuring materials and labor, the construction of this building 
has progressed during the year as rapidly as could be expected, con- 
sidering the vast undertakings of the Government in constructional 
enterprises in Washington due to the var. By June 30, 1918, all of 
the exterior v alls were erected to entablature height and about half 
of the architrave and frieze courses of the entablature were set. 
Four-fifths of the interior walls had risen to gallery ceiling height 
and all others were well advanced. The marble walls of the court 
were completed to about tAvo-thirds of their ultimate height. The 
basement and first floor construction were completed, the drainage 
system below the subbasenient floor finished, and 10 per cent of the 
heating and ventilating duct work in the subbasement installed. 

During the year Mr. Freer increased the extent of his collection to 
over G,200 items by 928 additions, of which 20 are paintings by the 
American artists Whistler, Tryon, Dewing, ilelchers, Metcalf, Sar- 
gent, and Brush; Avhile the oriental objects, numbering 908, consist 
of paintings, pottery, fabrics, jewelry, and objects of jade, bronze, 
wood, stone, glass, and lacquer. 

By becjuest of I^Irs. Mary Plouston Eddy, of Washington, the gal- 
lery received a collection of 12 paintings, 12 miniatures, 9 ivory 
carvings, a Limoges enamel, a marble bust, a bronze statue, and mis- 
cellaneous art objects, 110 items in all, to be known as the “A. E. and 
^I. II. Edd}^ Donation.*’ Other permanent acquisitions were por- 
traits by Ossip Perelma of M. Boris Bakhmeteff, first ambassador to 
the United States from the Eussian Eepublic, and of Mr. Frank B. 
Xoyes. president of the Associated Press and editor of the Washing- 
ton Star; a portrait of Vinnie Beam (Hoxie), by G. P. A. Healy; a 
marble statue of Puck, by Plarriet Ilosmer; two miniatures by Isa- 
bey, one of Xapoleon I, the other of Marie Louise; two old English 
silver snuff boxes and two large plaster landscape models made in 
1002 of the park system proposed for the city of Washington by the 
commission appointed by the Senate Committee on the District of 
Columbia. 

The special loan exhibitions consisted of a collection of Joseph 
Penneirs lithographs of war work in Great Britain and the United 
States, displayed from Xoveinbcr 1 to 21, 1917, Avith a special view 
on the evening of the 1st: and a series of architectural drawings by 
Charles Mason Eemey, being i^reliminary designs showing varying 
treatments in different styles of architecture of the proposed Bahai 
Temple for Chicago, exhibited during March, 1918. 

As elsewhere stated, the natural history building is, under normal 
conditions, greatly overcroAvded with the collections of its depart- 
ments of biology, geology, and anthropology and of the art gallerj^, 
nearly one-fourth of its space being given over to art in its various 
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forms. The need of considering the erection of a building exclu- 
sively for the hTational Gallery of Art is pressing and should early 
receive attention. The gallery has already failed to acquire many 
rich gifts of art works because of the impossibility of caring for them 
in the present buildings, and other cities are being enriched at its ex- 
pense. Because of this unpreparedness, treasures of art of great 
worth well within its reach have gone elsewhere. Art works more 
than any other national possession typify advanced civilization, and 
the public demands means of acquiring and keeping and facilities 
for utilizing such. Most modern nations have made their capital 
cities principal centers of art development and art accumulation, and 
progress in this respect may well be regarded as an index of the de- 
gree of advancement of the people. 

MEETINGS AND CONGRESSES. 

The facilities afforded by the Museum for meetings Avere in greater 
demand than usual for gOA^ernmental and scientific gatherings and 
were fully utilized until the latter part of October, when the com- 
mittee rooms were temporarily given over to the Bureau of War Eisk 
Insurance. Meetings continued to some extent to be held in the audi- 
torium until the last of December, when all engagements of accomo- 
dations were canceled, and the auditorium was also placed at the dis- 
posal of that bureau. 

The Washington Society of the Fine xVrts, as customary, was 
granted the auditorium for its lecture courses for the season, but held 
only five at the Museum. One of the committee rooms was assigned 
to the Anthropological Society of Washington and to the Federal 
Photographic Society for their regular meetings for the winter. 
The former used it but once, holding four other assemblies in the 
auditorium, and the Photographic Society went elsewhere, though it 
used the auditorium twice in July for exhibitions of motion pictures. 

The American Public Health Association held a three-dav session 
in the auditorium, on health problems and opportunities of the war, 
with a reception on the opening night, and the Medical Society of the 
District of Columbia celebrated its centennial anniversary bv an 
afternoon meeting there. 

The facilities of the Museum were used by various Government 
departments for conferences (1) to formulate plans for the produc- 
tion and conservation of the live-stock industry of the United States 
(2) in the interest of fall wheat and rye planting, (3) of State agents 
on home demonstration work in the South, and (4) on home eco- 
nomics; for the pathological seminar of the Bureau of Plant Indus- 
try; for a lecture on horticultural work in China; for a meeting 
of the women employees of the Department of Agriculture to discuss 
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participation in war activities; for a second liberty loan meeting 
of Post Office Department employees ; for two exhibitions of motion 
pictures relating to Army aeronautics for the Signal Corps of the 
United States Army; for a three-day school of instruction in the 
furtherance of the work of the United States Food Administration; 
and for lectures, on two occasions under the auspices of the National 
Council of Women, on one under the District of Columbia Chapter 
of the American Eed Cross, and another under the Women’s Liberty 
Loan Committee. 

Before the auditorium was turned over to the Bureau of War Risk 
Insurance, that bureau frequently made use of it for instructing and 
organizing the field parties of officers and enlisted men who were to 
be sent to the various camps to attend to the details relating to the 
issuance of life insurance. 

For two days the auditorium was given over to the annual meeting 
of the Potato Association of America, and the Bureau of Commercial 
Economics made use of it three times showing motion pictures of the 
war, to Army officers, on the first two occasions, and to members of 
the National Council of Defense on the last. 

Besides the reception to the American Public Health Association 
on the evening of October 18, there was a reception in the National 
Gallery of Art on the occasion of the opening of the exhibition of 
lithographs of war work by Josej^h Pennell on the evening of No- 
vember 1, 

MISCELLANEOUS. 

Over 8,000 duplicate specimens, included in 8 regular sets of mol- 
lusks, 5 regular sets of fossil invertebrates, and a number of special 
sets, were distributed to schools and colleges. Exchanges for secur- 
ing additions to the collections involved the use of about 23,227 dupli- 
cates, while more than 11,000 specimens, chiefly botanical and zoologi- 
cal, were lent to specialists for study. 

The attendance of visitors at the natural history building aggre- 
gated 306,003 persons for week days and 95,097 for Sundays, being a 
daiU average of 977 for the former and 1,828 for the latter. At the 
arts and industries building and the Smithsonian building, which are 
open only on week days, the totals were, respectively, 161.298 and 
67,224, and the daily averages 515 and 214. 

The publications of the year consisted of the annual report, one 
volume of proceedings, one volume of the contributions from the 
National Herbarium, and three bulletins, besides 40 separate papers. 
The latter comprised 28 from the proceedings, 4 from the contribu- 
tions, 7 parts of bulletins, and a catalogue of a special loan collection 
in the National Gallery of Art. 
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The library obtained, by purchase, gift, and exchange, 0,1G2 vol- 
umes, 42 parts of volumes, and 1,541 pamphlets. The more impor- 
tant donations were the library of Biltmore Herbarium, and a large 
series of pharmaceutical works transferred from the Hygienic Lab- 
oratory. 

Eespectfully submitted. 

W. DE C. Eavenel. 

A d ministrati ve Assistant, 

Dr. Charles D. AValcott, 

Secretary of the S mlthsonian Institution, 

October 31, 1918. 



APPENDIX 2. 

REPOET ON THE BUEExVU OF AMEETCAN ETHNOLOGY. 

Sir: Pursuant to your request of July 3, I have the honor to sub- 
mit the following report on the operations of the Bureau of Ameri- 
can Ethnolog}^ during the fiscal year ended June 30, 1918, conducted 
in accordance with the act of Congress approved June 12, 1917, 
making provisions for the sundry civil expenses of the Government, 
and in accordance with a plan of operations submitted by the othnolo- 
gist-in-charge and approved by the Secretary of the Smithsonian 
Institution. The act referred to contains the following item: 

American ethnology : For continuing ethnological researches among the 
American Inrlians anrl the natives of Hawaii, incluiling the excavation and 
preservation of archieologic remains, under the direction of the Smithsonian 
Institution, including necessary employees and the purchase of nece>ssary books 
and periodicals, $12,000. 

The administrative affairs of the bureau prior to March 1, 1918, 
were conducted by ilr. F. W. Hodge, ethnologist-in-charge, Avhen he 
resigned to accept a position in the Museum of the Aanerican Indian 
(Heye Foundation). On that date Dr. J. 'Walter Fewkes was ap- 
pointed chief, and continued the administrative duties of the office to 
the close of the year. 

As the xVmerican Indian is rapidly losing many of his instructive 
characteristics in his amalgamation into American citizenship, new 
features of the future work of the bureau stand out prominently 
pleading for investigation. xVniong these is the urgent necessity to 
rescue linguistic, sociological, and mythological data of aboriginal 
Indian life before its final extinction. When data now available 
disappear, unless recorded, the}" are lost forever. 

The excavation and repair for preservation of archeologic remains, 
by no means a new activity of bureau work, is in the same condition. 
Both anthropologv" and popular approval call for the advancement 
and diffusion of knowledge by the bureau along this line. 

In addition to their duties in “ continuing ethnological researches’* 
among the American Indians the members of the staff have devoted 
much time to matters germane to their work. xVmwers to many let- 
ters received by the bureau can not bo written offliand, but demand 
investigation and often considerable consultation of authorities in 
the library. Their reejnests are not confined to Indian ethnology, but 
include a wide variety of ({uestions on race mixture in the United 
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States, Old World anthropology, and the like. Although the staff 
is made up of experts in the study of the American Indians and the 
appropriation is limited to the study of our aborigines, the chief 
has not shrunk from the necessity of contributing what information 
he could on these related subjects, recognizing the need in the near 
future of a Bureau of Ethnology. 

The ‘^ethnological researches” of individual members of the staff 
the past year are outlined in the following pages. 

At the close of the last fiscal year Mr. F. W. Hodge had begun 
excavations at Hawikuh, one of the “ Seven Cities of Cibola,” situ- 
ated near the present pueblo of Zuiii, N. Mex. This work was con- 
tinued in the summer months and yielded a large and varied collec- 
tion of artifacts, which are now in the Museum of the American 
Indian (Heye Foundation). 

The excavations were confined to the great refuse heaps that cover 
the western side of the elevation on which the ruins are situated, the 
maximum height of the hillock being GO feet above the eastern valley. 
It was believed that this refuse would be found to follow the config- 
uration of a gradual slope, but this proved not to be the case, for the 
farther the excavation was carried toward the ruined walls on the 
summit the deeper the refuse was found to be, and continuous work 
for nearly three months in this direction failed to reach a natural 
slope or escarpment. 

The removal of the refuse, which had reached a depth of 15 feet 
when the work was suspended for the season, brought to light many 
features of interest, for, as was expected from the character of the 
surface soil, this great deposit of debris, consisting largely of ash 
and other refuse from the dwellings, interspersed with quantities of 
broken pottery and other artifacts, strata of drift sand, building 
refuse, etc., formed one of the cemeteries of the pueblo, or, one might 
say, the western area of a single great cemetery that surrounded the 
pueblo which, with its appurtenances, covers an area of approxi- 
mately 756 by 850 feet, or nearly 15 acres. Excavation of perhaps 
a fifth of the cemetery area resulted in uncovering 237 graves. 

Excavation had not proceeded very far before remains of walls of 
dwellings much older than those of historic Hawikuh were encoun- 
tered on the floor of the original surface, 15 feet below the maximum 
deposit of refuse; yet, as the work progressed, it was found that 
these walls had been built over and across the walls of other and 
more ancient houses that had been erected, occupied, abandoned, and 
filled in to afford space for the construction of the dwellings which 
in turn preceded Hawikuh probably by many generations. The ma- 
sonry of these earlier structures, on the whole, was much cruder than 
that of Hawikuh proper; but if allowance be made for disturbance 
caused by the burial of the dead through several generations, which 
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included more or less comparatively recent pottery in the lower 
levels, the earthenware of the earliest inhabitants of the site is of 
finer quality and of finer decoration than that manufactured by the 
historic Hawikuh people not long before the abandonment of their 
settlement. 

Although the study of the archeology of Hawikuh has been barely 
commenced, the results of last season's work give pi'omise of a 
material addition to our knowledge of an important phase of Pueblo 
culture, and it is hoped will ultimately open the way to the solution 
of related problems in southAvestern archeology. 

Besides the routine work of liis desk Mr. Hodge gaAT AAdiat spare 
time he could while in Washington to continuing his work on the 
bibliography of the Pueblo Indians. 

During July and August Dr. J. Walter FeAvkes, ethnologist, com- 
pleted his report on the Heye collection of West Indian antiquities 
and in the autumn made a brief archeological reconnoissance in south- 
western Colorado, retiuming to Washington the middle of Xovember. 
His plan of operations was to visit the ruins in the McElmo district 
and determine their architectural features in order to define with 
greater exactness the characteristics they share with the cliff dwell- 
ings and pueblos of the Mesa Verde Xational Park. The object was 
to gather material that would enable him to construct a classification 
of the prehistoric buildings of the Southwest from structural data. 
The Mesa Verde cliff dAv el lings and pueblos belong to a typo or group 
of ruins distinguished by the structure of the roof and other feat- 
ures of the ceremonial room or Idva. The aim of the field work in 
1917 was to investigate the distribution of this form of kiva and to 
discover other peculiarities of the Mesa Verde type or group at points 
remote from the plateau and thus enlarge our knowledge of the 
geographical distribution of the types. 

It Avas found that the ruins in Montezuma Valley and the McElmo 
and its tributaries shoAv extensions Avestward of the Mesa Verde type, 
and as the field work progressed much was added to our knowledge of 
the characteristics of great houses and towers, the examples of which 
on the Mesa Verde haAn been little investigated. 

The most noteworthy giuup of the ancient ruins visited in the 
course of his field Avork Avere three clusters of great houses, castles, 
and toAAnrs situated a short distance over the State line on the north- 
ern tributaries of the canyons of the McElmo. 

The most important result of the field work in 1917 is the conclu- 
sion that the ruins of the McElmo region indicate a people allied to 
those of Mesa Verde, who reached a high degree of architectural 
technique, surpassing any in America north of Mexico. Evidence w^as 
gathered that it was preceded by a stage indicated hy one-house con- 
struction, and the suggestion is made that it antedated pueblos, on 
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which account it has been designated a middle phase in the Southwest. 
A considerable number of small ruins of the same structural tvpe 
but with only one room were discovered in the tributaries of the 
McElmo and Dolores Divers. 

As a sequel to the exploration of the great houses, towers, and 
pueblos of Square Tower, Holly, and Hackberry Canyons, at the 
suggestion of Dr. Fewkes, the Director of the Public Park Service, 
Department of the Interior, has taken steps to have the ruins on these 
and adjacent canyons set aside from the public domain as a reserve, 
to be called the Ilovenweep Xational Monument. 

During the year Mr. James Mooney, ethnologist, remained in the 
office, engaged, as impaired health permitted, in the elaboration of 
his Cherokee sacred formulas. Throughout the winter and spring 
months much of his time was given to assisting the various delega- 
tions from the tribes of his working acquaintance, in the West, in 
their efforts before Congress, particularly in regard to their native 
Peyote religion, of which he has made a special study. The proof of 
friendship in the assistance thus given has completely won the hearts 
of the tribes concerned, and has opened the door to successful investi- 
gation along every line of inquiry. 

On June 28 he left Washington for an extended stay with the 
Kiowa and associated tribes, among whom he is now at work. 

During the past year, Dr. John R. Swanton, ethnologist, has de- 
voted the greater part of his time to a study of three languages 
formerly spoken on and near the lower course of the Mississippi 
River — the Tunica, Chitimacha, and Atakapa (or Attacapa). The 
results of this study have Ijeen embodied in four papers — sketches of 
the grammars of the three languages in question, and a comparative 
study. A sketch of the Tunica language, covering about TO type- 
written pages, has ])een accepted for publication in the International 
Journal of American Linguistics. The sketch of Atakapa, of 10 or 
50 pages, is practically complete and is designed for publication in 
the same journal ; that of Chitimacha covers about 100 pages. The 
latter is withheld from publication for the present so that more 
material may be added. Finally, the paper in which the three lan- 
guages are compared and the conclusion drawn that they belono' in 
reality to but one linguistic stock, is to be published as a bulletin by 
this bureau. This covers about TO typewritten pages. 

During the latter half of April and all of May Dr. Swanton was 
engaged in field work in Louisiana, ^Mississippi, and South Carolina. 
In the first-mentioned State he continued his investigation of the 
Chitimacha language. Ilis visit to Mississippi was principally for 
the purpose of inquiring into the social organization of the Choctaw^ 
still living there. In South Carolina he ])egan a studv of the Catawba 
language, with the help of manuscript material left by Dr. Gatschet 
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and he plans to continue this study during the coining year. It is 
important as the only Avell-preserved dialect of any of the eastern 
Siouan peoples and that upon which must be based most of the rela- 
tionshij) of the eastern Siouans to the other divisions of the stock. 
A small amount of ethnological material along other lines was also 
collected from the Chitimacha and the Catawba. 

Dr. Swanton has also added some material to his historj^ of the 
Creek Indians. 

In July, 1917, Mr. J. N. B. Hewitt, ethnologist, began a critical and 
comparative study of the Cayuga texts relating to the Iroquois Fed- 
eration, which he had recorded during the two previous field trips. 
This manuscript matter aggregates more than aOO pages and treats 
of more than 40 topics or features of the Federation of the Iroquois, 
dealing with the principles and structure of this institution of the 
Five “ Nations or tribes. 

This comparative study was carried to tentative completion and 
involved not only the critical reading of the .“)00 pages of Cayuga text, 
but also an equal number of pages of Mohawk and Onondaga texts. 

Mr. Hewitt also read 200 galleys of proofs of the Seneca myths 
and tales of the Thirty-second Annual Eeport of the Bureau of Ameri- 
can Ethnology, of which 20 were of native texts with interlinear 
translations; he added to them nearly 200 numbered explanatory 
notes and read also GB2 pages of the first and second revises for this 
same report, of which 100 pages are in native text with interlinear 
translations. 

During May and June, 1918, Mr. Hewitt was engaged in field 
work in Ontario, Canada, among the Indians of the Six Nations of 
Iroquois. He took up the work in textual and literary criticism of 
the many texts he has recorded relating directly to the institution of 
the Federation or League of the Five Tribes or Nations in earlier 
field operations. 

By far the largest, and also the most trustworthy, part of these 
texts was recorded from the dictation of one of the ])est-informed 
ritualists and expounders of the league, but much additional and sup- 
pkmientary matter in the form of texts was recorded from the dic- 
tation of other informants who had the reputation in the community 
of being authorities in regard to the motives and plans of the found- 
ers of the federation or league and the decrees and ordinances pro- 
mulgated by them: but as these texts were given from memory it 
was inevitable that some of the most important details of the struc- 
ture and working apparatus of the league have not been remembered 
with the same fidelity by different persons, and so various views and 
statements concerning the same subject matter are found. The prob- 
lem for the student, then, is to ascertain by an adequate investiga- 
tion upon what facts these conflicting views and statements were 
originally based. The vocabulary of the national terms employed is 
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that of statecraft and ritualism — the utterances of the statesmen and 
stateswomen of that earlier time, who had clear visions of institu- 
tions which are to-day being formulated and written into the statutes 
of our great republic. Among these may be mentioned the recall, 
the initiative, the referendum, a full-fledged colonial policy, and 
woman suffrage (limited to mothers), men having no voice in the 
body which nominates their chiefs. 

It is well-nigh impossible to find an interpreter among the Iroquois 
who is such a master of both the English and the native Iroquoian 
languages as to be able to translate correctly a large number of 
the most important native terms into the English tongue. The fol- 
lowing may be taken as a typical example. Dekanawida, in detail- 
ing the work of the founders in his “ farewell address,"’ used the 
following term frequently, and it also occurs elsewhere. This word 
is “ We’dwenna’kera^da'nyon’.” The literal meaning is '^We have 
made types or symbols of things.” This is the only rendering known 
to most native interpreters. But its technical signification is ‘AYe 
have made ordinances, or laws, or regulations.” 

Another form of criticism is the discovery of the reasons which led 
to the variation of the ritual as used by the father and mother sides 
of the league. As an example the following may be cited. One or the 
other of these sides is the mourning side in the council of condolence 
and installation. The side which is not the mourning side employs 
all fourteen of the sections of the Eequickening address.” But it 
is customary for the mourning side, in replying, to employ only thir- 
teen, omitting the ninth, which refers to the caring for the grave 
of the dead chieftain. This omission may seem to be a small matter 
to solve, but it is one which brings out tlie intense esoterisiu and meta- 
phoric use of terms that characterize terminology of the institutions 
of the federation or league of the five nations or tribes of the Iroquois. 

This definition or meaning shows that the rules of t)rocedure 
among the Iroquois Five Tribes were not the commands of an auto- 
crat or tyrant, but rather the formulated wisdom of a body of peers, 
who owed their position to the suffrages of those who owned the titles 
to them, and that the form of government was a limited democracy, 
or, strictly speaking, a limited gynecocracy. 

At the beginning of the 3'ear Mr. Francis La Flesche, ethnologist, 
took up the task of putting together his notes on the ‘AYa-sha-be 
A-thi°,” a composite and intricate war ceremony of the Osage tribe. 
The name signifies the determination of the warrior who becomes a 
member of the ceremonially organized war party to show no mercy 
to the enemy and that he shall be even as the fire — a power that con- 
sumes all things that happen to be in its destructive course. 

The literal translation of the name, lYa-sha-be Athi“, is lYa-sha-be, 
a dark object; A-thi'', to have in one s possession to carry. The word 
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‘"ATa-sha-be” is here used as a trope for the charcoal that symbolizes 
the merciless fire. The making of the symbolic charcoal forms an 
important part of the great ceremony and each warrior is required to 
carry with him a piece of this charcoal tied up in a little buckskin 
pouch. When he is about to attack the enemy he must blacken his 
face with this charcoal. If he happens to neglect this he will not be 
permitted to recount the strokes he may deliver the enemy in the 
attack and to count his war honors. 

Originally there was only one “ Wa-sha-be A-thi''” ceremony and 
this ceremony pertained strictly to defensive and aggressive war- 
fare. Later this cei'emony was emplo} ed for organizing a war party 
to be sent out to slay some member of an enemy tribe in order to send 
the spirit of the slain man to overtake and accompany the spirit of 
the deceased member of the tribe and to be his companion to the 
realm of spirits. 

The original ceremony was described by Wa-xthi-zhi, who belongs 
to the great division of the tribe which represents the earth and is 
called Ho'^-ga. The ceremony, when it is used as a mourning rite, 
was described by Xu-tha-wa-to"-i^, a member of the great division 
representing the sky, and called Tsi-zhu. 

The account of these two ceremonies, the text, the songs, with 
their music, the recited parts of the ritual, and the illustrations and 
diagrams cover 253 pages. 

It required much time as well as the exercise of patience to secure 
the details of these war ceremonies. Particularly was this true of 
the wi-gi-es (the recited parts), which relate to the traditions of the 
people, on account of their religious character and the superstitious 
awe with which the men and women of the tribe regarded them. 
Deaths have occurred during the study of these rites, and these deaths 
have been by the people attributed to the reciting of the rituals 
without regard to the traditional and prescribed rules. 

In May, 1918, Mr. La Flesche visited the Osage Reservation for 
the purpose of completing his investigations of the tattooing rite, 
which he had started some time ago, and succeeded in securing 22 
of the wi-gi-es (the recited parts) from one man at a continuous 
sitting of two days — a remarkable feat of memorizing. Each of these 
wi-gi-es belongs to a gens of the tribe, the male members of which 
recite it at an initiation into the mysteries of the rite or at the cere- 
mony of the actual tattooing. All of these wi-gi-es are recited simul- 
taneously by their owners, and the volume of sound is like that of a 
responsive reading in a church, with the difference that the reciting 
is not in unison, as each man recites for himself independently of 
the others. Fourteen of these wi-gi-es have been transcribed and 
translated, and they cover about 100 pages of hand-written manu- 
script. 
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Besides these 22 wl-gi-es, Mr. La Flesclie secured the penalty 
wrgi-es owned exclusively by the Thunder gens. He also obtained 
the penalty wi-gi-e owned in common by the various gentes of the 
Tsi-zhu division and the one owned by the gentes of the Wa-zha-zhe 
and Ho”'-ga subdivisions of the Ho°'-ga great division. These pen- 
alty wi-gi-es are recited by their owners to the man who offers him- 
self as a candidate for initiation into the mysteries of either the 
fasting or the shrine degree of the tribal rites. Like the “ sword of 
Damocles,” the penalty hangs over the head of the candidate and 
drops upon him the moment he violates his initiation obligations, 
and punishment comes to him by supernatural means. These two 
wi-gi-es have been transcribed, but are yet to be translated. 

MTiile in the office Dr. Truman Michelson, ethnologist, was en- 
gaged in correlating the Indian texts of the lYliite Buffalo Dance 
with the English translation, and revising the latter. He left Wash- 
ington near the middle of July and, arriving at Tama, Iowa, re- 
sumed his field work among the Sauk and Fox. His attention was 
mainly directed to the esoteric meaning of the songs of the White 
Buffalo Dance, and to verifying sociological work of the previous 
season. He obtained the names of nine-tenths of the Fox Indians 
and obtained information regarding the gens and dual divisions to 
which their owners belong. A number of ceremonies of these Indians 
were witnessed and he also learned some facts on Fox eschatology. 
During his work he purchased a number of sacred packs for the 
Museum of the American Indian (Heye Foundation), receiving the 
right to publish by the bureau the information pertaining to them. 
On leaving Tama, Dr. Michelson proceeded to Mayetta, Ivans., to 
conduct a preliminar}" survey of the Potawatomi, as it was verv clear 
that the dual divisions of the Sauk and Fox could only be thoroughly 
understood after that of the Potawatomi Avas unraA"ele<l. Although 
unable to completely work out the regulations governing member- 
ship in the Potawatomi dual divisions, he determined definitely that 
this division was for ceremonial as well as athletic purposes, as 
among the Sauk and Fox. He successfully studied the gentile organ- 
ization of the Potawatomi and obtained a number of folk talcs in 
English which show very clearly that a large bod\' of European 
(French) element have been absorbed by the PotaAvatomi ajid that 
certain elements of the Plains Indians are present. To account for 
the distribution of the surviving tales we must assume an early asso- 
ciation with the OjibAva and a later one with the Sauk and Fox group 
which is quite in line Avith what would be expected on linguistic and 
historic grounds. Dr. Michelson returned to Washington in October 
and prepared manuscript on a number of miscellaneous topics apper- 
taining to the Fox Indians, to seiw^e as an introduction to the pro- 
posed memoir on tlie White Buffalo Dance. Avhich, Avith the excep- 
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tlon of typewriting the Indian texts and the addition of a vocabu- 
lary, is now ready to submit for publication. During the winter 
Edward Davenport, a Fox pupil of the United States Indian School 
at Carlisle, spent a week in IVashington, assisting in a number of 
points regarding the memoir. 

In the spring Dr. Michelson made a preliminary translation of a 
Fox text of the owl sacred pack.’' In June he went to Carlisle 
and worked out the dubious points in the translation with this 
informant, who dictated the Indian text twice from that in the 
current syllabary, so that the entire text is phonetically restored. 
The punctuation (with a few^ exceptions, added later at Tama) of 
the Indian text and English translation was harmonized. 

Dr. Michelson edited Part I of Jones's Ojibwa Texts, containing 
about 50 pages, which were pul )1 idled by the American Ethnological 
Society, and collected the author's proofs of Part II, numbering 750, 
for a sketch of an Ojibwa grammar which will be offered for publi- 
cation hy the bureau. 

Dr. Michelson has now in press an article in tlie Journal of 
Linguistics shoAving that the Pequot-Mohegan belong to the Xatick 
group of the central division of the Algonquian language. 

The beginning of the fiscal year found iMr. J. P. Harrington, 
ethnologi-t, in the field engaged in linguistic studies among the 
Mission Indians of Ventura County, Cal. At the clo-e of this work, 
near the end of September. Mr. Harrington returned to Washington 
and spent the following months in tlie elaboration of recently col- 
lected material and liis Tanoan and Kiowa notes. 

Mr. Harrington has discovered a genetic relationship between the 
Uto-Aztecan, Tanoan, and Kiowa languages. The la-t two are so 
closely related that if the Kiowa had been spoken in Xew Mexico 
it would have been clas-ed Avithout hesitation by early writers as a 
Tanoan language. The Uto-Aztecan is more remotely but not less 
definitely related to the Kiowa genetically. The Kiowa sketch, 
amounting to 850 typewritten page-, noAv includes a complete 
analysis of all the important features of the language. 

On June 9, 1918, Mr. Harrington proceeded to Anadarka, Okla., 
Avhere he remained until June reA i.-ing for publication his entire 
sketch of the KioAva languaire, after Avhicli he proceeded to Taos, 
X. iSIex. 

From July to August 15, 1UJ7, Dr. Leo J. Frachtenberg Avas en- 
gaged in confidential war work lor the Department of Justice 
(Bureau of InA^estigation). On his return to tlie bureau he con- 
tinued his preliminary Avork on the grammar and mythologj^ of the 
Kalapuya Indians of central Oregon begun during the previous fiscal 
year. He also continued his Avork of extracting, typcAvriting, and 
editing all Kalapuya texts oo]lect('d by Dr. Gatschet. The myth- 
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olog}^ of these Indians, who are almost extinct, constitutes a connect- 
ing link between the tribes of the coast and those east of the Eock^ 
Mountains. IVhile we possess numerous works dealing with the 
mytholog}^ of the Indians of the northwest coast and of the Great 
Plains, nothing has yet been published on the folklore of the tribes 
that inhabit the area between the Coast Eange and the Rocky Moun- 
tains. Hence a volume on the mythology of the Kalapuya (and also 
Molala) Indians will be a welcome contribution to our knowledge 
of the folklore of the North American Indians. 

SPECIAL RESEARCHES. 

Dr. Franz Boas, honorary philologist, has been engaged in the cor- 
rection of the proof of part 1 of his volume on the Kwakiutl-English, 
which has been assigned; to the Thirty -fifth Annual Report. 

For various reasons part 2 of the Handbook of American Indian 
Languages has been delayed. 

Good progress has been made by Dr, Boas on the dialects and dis- 
tribution of the Salish Tribe, much work having been done on the 
maps. This work, which is based on field work supported, by Mr. 
Homer E. Sargent, was almost completed by Dr. Haeberlin, whose 
unfortunate death has somewhat curtailed the work on these tribes. 
A very important work on the basketry of the Salish Tribes, funds 
for which were also provided through the generosity of Mr. Sargent, 
has made good progress. 

Prof. W. H. Flolmes, of the National Museum, accompanied by 
Mr. DeLancey Gill, of the bureau, made a brief visit to the Aberdeen 
Proving Station, Mar^dand, where Indian remains had been reported 
in excavations for Government buildings. He also continued the 
preparation of the Handbook of American Antiquities, part 1 of 
which will soon be published as Bulletin 60 of the bureau. 

Provision was made out of the appropriations of the Bureau of 
American Ethnology for a brief archeological reconnaissance in the 
Walhalla Plateau overlooking the Grand Canyon, from the last of 
April to the end of the fiscal year. Mr. Neil ]\I. Judd, of the United 
States National Museum, was detailed for this work. He found 
remains of prehistoric buildings plentiful along the route of Kanab, 
Utah, southeastward, in the northern portion of the Kanab forest, at 
House Rock Valley, and in North, South, and Saddle Canvons. 
These remains consist usually of one, two, and three room structures 
constructed of unworked stone blocks. In many instances the foun- 
dations of the walls were stones placed on edge, their tops separating 
the masonry of the roof. Clusters of circular rooms, measurino- from 
4 to 10 feet in diameter, also occur. The floors of these rooms are 
generally covered with burnt earth or ashes, mingled with clay that 
bears impressions of willows and gi\as3, as if parts of roofs similar 
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to tho^e of prehistoric rooms observed along the Colorado Eiver in 
the San Juan drainage. 

Cliff houses also exist in the breaks bordering the Walhalla Pla- 
teau, but these are as a rule small single rooms, apparently cists for 
storage like thOvSe built by the people who inhabited the single-room 
houses in the open, somewhat back from the rim of the canyon. 
Many small artifacts were found on the cliffs but few fragments of 
pottery were reported. 

Dr. Walter Hough was detailed from the National Museum to 
begin a study of the ruins in the Tonto Basin, a country of great 
archeological possibilities, situated between the valleys of the Little 
Colorado and the Gila. The result of a brief examination of the 
northern part of this region was encouraging, showing the existence 
of large ruins in the open as well as cliff houses of considerable size. 
Dr. Hough also made an examination of several important collec- 
tions of artifacts, some of which are unique, and enumeration of the 
‘ruins visited by him indicates a promising field for future research, 
which it is the intention of the bureau to prosecute in coining seasons. 

Mr. D. I. Bushnell, jr., continued the preparation of the manu- 
script for the JIandbook of Aboriginal Eemains East of the Mis- 
sissippi. The introduction, containing much matter treating of sites, 
has been completed and will be published in advance of the hand- 
book. It contains a valuable discussion of village sites and ceme- 
teries, treated 'in a historical manner, with reproductions of old 
prints and maps. 

Dr. A. L. Kroeber has elaborated certain portions of the PTandbook 
of the Indians of California and little remains to be done before it is 
ready for publication. 

The study of Indian music was continued by Miss Frances Dens- 
more throughout the year. She has completed a report on the Ute 
music, consisting of about 375 pages, and has submitted new material 
on Ute, Mandan, and Chippewa music. Her account of the Mandan 
Hidat<a songs contains 400 pages. A new feature has been introduced 
in the study of the Ute melodies, where she has devised diagrams 
consi-«ting of curves on a backgi’ound of coordinate lines. Miss Dens- 
more’s main studies have been on ethnobotany of the Chippewa, and 
include plants used in treatment of the sick and otlier subjects. The 
general economic life and the industries of the people were also 
studied, during which she made an extensive collection, which she 
has photographed for use in her publications. She has likewise 
adopted the method of tone photographs designed by Dr. Dayton C. 
ililler, of the Case School of Applied Science, Cleveland, Ohio. 

1366o0°— 20- — 5 
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MANUSCRIPTS. 

The following manuscripts, exclusive of those submitted for publi- 
cation by the bureau, were purchased: 

Unique copy of the Journal of Frederick Ivurz\s Travels through 
the Western States (in German). In addition to the text (in Ger- 
man) there are two jackets of photographs of original drawings of 
great historical value. 

Six letters on British Guiana Avritten by J. Henry Holmes to his 
wife, Mary Jane Holmes. 

EDITORIAL WORK AND PUBLK VVLT< )NS. 

On June 30, 1917, Mr. J. G. Gurley resigned his position as editor 
and Mr. Stanley Searles Avas appointed to the vacancy July 1. Both 
editors were assisted by Mrs. Frances S. Xichols. A report of the 
publication work of the bureau during the fiscal year follows : 

Publications issued. 

Bulletm 63. — Analytical and Critical Bibliofzrapliy of the Tribes of Tierra del 
Fuego and Adjacent Territory, by John 'M. Cooper. 283 i)., 1 pi. 

Haicaiian Romance of Laieikaicai. — By Martha Warren Beckwith. An advance 
separate from the Thirty-third Annual Report. 384 p., .A pi. 

PubViviitions in press. 

Thirty-second Annual Report. — A<-conipanying paper : »8eneca 'Fiction, J.egonds, 
and Myths (Hewitt and Curtin). 

Thi) ty-third Annual Report. — Accompanying papers: (1) Uses of Plants by 
the Indians of the Missouri River Region (Gilmore) ; (2) Preliminary Account 
of the Antiquities of the Region Between the Mancos and La Plata lUvers in 
Southwestern Colorado (Morris) ; (3) Designs on Prehistoric Hopi IN)ttery 
(FeAvkes) ; (4) The Hawaiian Romance of I.aieikawai (Beckwith). 

Thirty-fourth Annual Report. — Accompanying paper: West Imliau Antiqui- 
ties in the Museum of the American Indian (Heye Foundation) (Fewkes). 

Thirty-fifth Annual Report. — Accompanying paper : Ethnoloiry (.f the KwakiuU 
(Boas). 

Bulletin 50 . — Kutenai Tales (Boas). 

Bulletin GO. — Handbo()k of Aboriginal American Anti(iuilie< — l^irt 1 (Holmes). 

Bulletin Teton Sioux Music ( Den^nauv) . 

Bulletin 6q.-“The :Maya Indians ot Southern Yucatan and Northern Briti.sli 
Honduras (Gann). 

Bulletin 65. — Arclie<»logical Explorations in Nortliea^tcrn Arizona (Kidder 
and Guernsey). 

Bulletin Cd.— Recent Discoveries of Remains Attributed to Early Man in 
America ( Ilrdl icka ) . 

Bulletin 67 . — Alsea Texts and Alyths ( Fraclitenlierg 1. 

mSTRinUTION OF PUliLICATIOXS. 

The distribution of the publications has been continued under the 
immediate charge of Miss Helen Munroe, assisted in the opening 
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months of the year by Miss Ora A. So^versby, stenographer and type- 
writer, and later by Miss Emma B. Powers, Miss Sowersby having 
been transferred to the Bureau of American Ethnology. 

Publications were distributed as follows : 

Copies. 


Animal reports and separates 1, 76G 

P»iilletins and separates 5, 460 

Coiilrilmtions to Xortli American EUinuloy^’ (volumes and separates) 7 

Introductions 5 

miscellaneous publications 106 

Total 7,344 


As compared with the fiscal year 1917, there was a decrease of 
4,640 in the total number of publications distributed. This was due 
to the fact that during the fiscal year 1917 four publications were 
sent out to the mailing list, whereas in the fiscal year 1918 only Bul- 
letin 63 was distributed to the list. Twenty addresses have been 
added to the mailing list during the year and 15 dropped, making a 
net increase of 5. 

ILLUSTIIATIONS. 

Mr. De Lancey Gill, with the assistance of Mr. Albert E. Sweeney, 
continued the preparation of the illustrations required for the pub- 
lications of the biUTau and devoted the usiuil attention to photo- 
graphing visiting Indians. A summary of this work is as follows : 


\oA‘atives of ethnologic and archeologic subjects 271 

I'liotogrnphic prints for distribution and office use 

Photostat prints from books and manuscripts :t0(l 

Aloimts used 800 

Drawings and pliotogiaphs prepared for pulilication as illustrations .517 

Illustration proofs read 400 

Portrait negatives of visiting Indians 15 


LIBRARY. 

The reference library of the bureau continued in the immediate 
care of iliss Ella Leary, assisted by Mr. Charles B. Newman. 

There was presented to the library by Dr. J. IValter Fewkes the 
Codex Hopiensis, consisting of three bound volumes of colored 
pictures of Hopi Katciiias made by a Hopi Indian in 1900. This 
is the material on which was based the article Hopi Katcinas in 
the Twenty-first Annual Eeport of the Bureau of American Eth- 
* nology. 

During the year 430 books were accessioned, of which 148 were 
ac(juired by purchase, 84 by binding periodicals, and 198 by gifts and 
exchanges. The periodicals currently received number about 760, of 
which 16 were received by subscription and 744 by gifts and ex- 
change. We have also received 200 pamphlets, giving us at the close 
of the year a working library of 22,180 volumes, about 14,048 pam- 
phlets, and several thousand periodicals. 
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During the year there were sent to the bindery 142 volumes, and 
84 bound volumes were received. 

In continuance of the policy of increasing the library by exchange 
and filling in incomplete sets, letters were written for new exchanges 
and for completing series already in the library. We have been able 
to secure by this means many valuable and important acquisitions. 

In addition to the regular routine of cataloguing, classification, 
ordering from book dealers, making up for binding, and keeping the 
serial and accession records, the efforts of the librarian were devoted 
to making a subject, author, and analytical catalogue of books that 
are represented in the old catalogue under the author only. 

During the year there was an increasing number of students not 
connected with the Smithsonian Institution who found the library 
of service in seeking volumes not obtainable in other libraries of the 
city. The library was used also by the Library of Congress and offi- 
cers of the executive departments, and out-of-toAvn students have 
called upon the library for loans during the year. 

In addition to the use of its own library it was found necessary to 
draw on the Library of Congress from time to time for the loan of 
about 450 volumes. Numerous typewritten bibliographic lists have 
been made for correspondents of the bureau and the Smithsonian 
Institution. 

The Monthly Bulletin for the use of the bureau staff has been 
continued throughout the year. 

COLLECTIONS. 

The following collections acquired by members of the staff of the 
Bureau, or by those detailed in connection with its researches, have 
been transferred to the JJ. S. National Museum: 

Seven baskets made by the Koasati Indians of Louisiana, collected 
by Dr. John E. Swanton. (61315.) 

A roughly chipjied implement of gray limc'^tone from British 
Guiana, presented by Dr. Walter E. Eoth. (61325.1 

Six ethnological specimens of the Mandan Sioux. Ute. and Chip- 
pewa Indians, purchased from Miss Frances Den-inore. (61573.) 

A loom of the Osage Indians, collected by Mr. Francis La Flesche. 
(62013.) 

Twelve specimens of plants from Minnesota, collected by Miss 
Frances Densmore. (62100.) 

Twenty-five stone objects from the ITuu^^tec region, iMexico, pre- 
sented to the bureau by Jlr. John M. Muir, Tampico, Mexico. 
(62253.) 

Arrowpoints, speaidieads (18) collected by Dr. John E. Swanton 
in the vicinity of Eock Hill, S. C. (62577.) 
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PROPERTY. 

Furniture was purchased to the amount of $107.02; the cost of 
typewriting machines was $175, making a total of $282.02. 

MISCELLANEOUS. 

Quarters . — Two rooms on the third floor of the north tower of the 
Smithsonian Building, occupied by the Ijureau, were painted ; also the 
office of the chief. A glass partition was erected on the south front 
of the space occupied by the librarian as an office, in order to render 
the office more comfortable during the winter months. Three en- 
larged photographs of Spruce-tree House, Mesa Yerde National 
Park, before and after repair, were painted and hung in the office of 
the chief. 

Personnel . — Changes in the jKU'sonncl of the bureau during the 
last fiscal year were as follows : 

Mr. F. Mh Hodge, ethnologist lu charge. I'esigned Februaiy 28, 
1918, and Dr. J. Walter Fewkes succeeded him, with the title of chief, 
IMarch 1, 1918. Dr. Leo J. Frachtenberg's official connection Avith 
the bureau terminated October 30, 1917. Mr. Stanley Searles was 
appointed editor July 1, 1017. Miss Florence M. Poast, clerk to IMr. 
Hodge, resigned October 15, 1917 ; Miss Ora A. Sowei’sby, a ste- 
nographer and typewriter in the service of the bureau, was assigned 
to that position November 1, 1918. The Aacancy created by this 
change Avas filled by the appointment of Miss E. B. PoAvers, Novem- 
ber 5, 1917. 

Clerical , — The correspondence and other clerical work of the office, 
including the copying of manuscripts, has been conducted with the 
aid of Miss Florence if. Poast and ^liss Ora A. Sowersby, clerks to 
the ethnologist in charge, and later by Miss M. S. Clark, serving as 
private secretary to the chief. Mrs. Francos S. Nichols assisted the 
editor, 

Pespeet fully, yours, J. WAi/reR Fewkes, 

Chief. 

Dr. CiiAimEs D. Walcott, 

Seerrta/f/ of the Smithsojihm I iisiiffition. 



APPENDIX 3. 

REPOET ON THE INTERNATIONAL EXCHANGES. 


Sir ; I have the hoBor to submit the following rejiort on the opeiai- 
tions of the International Exchange Service during the fiscal year 
ending June 30, 1918: 

The estimate submitted by the Institution for carrying on the 
service during the year was $35,000. This amount was granted by 
Congress, and, in addition, an allotment of $200 was made for print- 
ing and binding. The various governmental departments and other 
establishments paid the Smithsonian Institution for the transporta- 
tion of exchanges $2,315.18, thus making the total available resources 
for carrying on the sy stem of exchanges $37,545.18. 

The total number of packages handled during the year 1918 was 
266,946. The weight of these packages was 182,825 pounds. 

The number and weight of the packages of different classes are 
indicated in the following table : 


Unite<l States parliamentary documents sent abroad 

Publications received in return for parliamentary documents. . . 

United States departmental documents sent abroad 

Publication.'? received in return for departmental documents — 
Miscellaneous scientific and literary publications sent abroad.. 
Miscellaneous scientific and literary publications received from 
abroad for distribution in the United States 

Total 

Grand total 


Each 


MAi 

jht. 

Sint. 1 



PeccivoJ. 

P0,9o7 


PO'JV N, 
04,90j 

Pounds, 

1, 093 

2, 499 

ul.5u6 : 

50, 1.34 


1,9S1 

3,373 

11.], U2lj 

40, 500 

S, 373 

24,904 



2o<j, 499 

1 11; 447 

15b, 049 

2d, 776 

200, 94b 


, S2,> 


The disparity between the numher of packages dispatched and 
those received is not so great as indicated by the figures in the fore- 
going tabic. Packages sent abroad usually contain only a single 
publication each, while those received in return often comprise sev- 
eral volumes. It is also a fact that many returns for publications 
sent abroad reach tlieir destinations direct by mail and not through 
the exchange service. 

So far as the Institution has been advised, only throe consign- 
ments of exchanges have Ijeen lo>t through liostile action since the 
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beginning of the war. Information has been received from the 
Portuguese exchange service to the effect that the three boxes for- 
warded to that service in September, 1916, per steamship Balto 
were lost when that vessel was wrecked at sea. In reporting this 
loss the Portuguese exchange service does not state whether the ves- 
sel was sunk by the enemy. 

The box of exchanges for the Jewish Agricultural Experiment 
Station, Haifa, Palestine, which the Egyptian Government publica- 
tions office at Bulaq kindly agreed to hold until the cessation of 
hostilities, has been forwarded to its destination by that office. The 
attention given to this matter by the Government publications office 
and the trouble taken to reforward the consignment to its destina- 
tion are much appreciated by the Institution. 

New regulations adopted b}^ the United States War Trade Board 
governing importations into the United States from Great Britain 
made it necessary for the Smithsonian agents in London to take out 
a consular invoice for shipments sent to the Institution, giving the 
full title of each book. The matter was brought to the attention of 
the Director of the Bureau of Imports of the War Trade Boaixl, 
who very kindly issued a general license to cover the importation of 
international exchanges from the United Kingdom when consigned 
to the Smithsonian Institution. This action has not only resulted 
in expediting shipments fiom England, but has relieved the depleted 
force of the London Exchange Agency of a great deal of labor in 
connection with the forwarding of shipments to this country. 

Aid has, as in previous years, been rendered to various govern- 
mental and scientific establishments in this and foreign countries 
in procuring desired publications. One instance in this connection 
may be referred to here. A request was received through diplomatic 
channels from the recently created French War Museum-Library, at 
Paris, for copies of American documents and other material relating 
to the war for deposit in a section of that library to be devoted to 
the part taken by the United States in the conflict. The Institution 
has taken the matter up with the several governmental establish- 
ments, and has received a number of publications for the above- 
mentioned library. Prof. Adolphe Cohn, of Columbia University, 
New York, is the American representative of the French War 
Museum-Library, and will take steps to procure publications and 
material from organizations outside of the Government. 

Only 443 boxes of exchanges were forwarded abroad during the 
year. This does not represent an actual falling off in the number 
of packages distributed abroad, as many were sent to their destina- 
tions direct by mail. This method of transmission was adopted be- 
cause it was found much cheaper to mail the packages than to for- 
ward them in boxes, owing to the great advance in ocean freight 
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rates. Of the total boxes transmitted 103 contained full sets of 
United States official documents to authorized depositories. The 
shipment of boxes containing the series of governmental documents 
was suspended during the latter half of the fiscal year, and will not 
be resumed until regular consignments are again forwarded to the 
distributing agencies. 

The dates of transmission of the 443 boxes forwarded to foreign 
countries is shown in the following table : 

Consign)n(yits of Cd‘(‘han(jvs for foHJtgn i-aiintrivs. 


Country. 


I XumlKT 

ol "boxes 


I>aie of transmission. 


Argentina 

! IS 1 

Sept. 5, Nov. 3, 1917, Apr, 2, 191 S 


Bolivia 

i! 

Sept, s, 1917. 



Brazil 

1 1 

Sept. 5, Nov. 7, 1017: Apr. S, lOlS. 


British colonies 

4 1 

July 2S, Aug. 25, Oct. 3, Dec. 5 

!2, 1917. 


British Guiana 

I 

Sept. 11, 1917. 



Canada 

16 

Aug. 30, Nov. 21, 1917; Feb. 12 

!, May 31, 

1918. 

ChUe 

11 

Sept. 6, Nov. 9, 1917; Apr. 2 191s. 


China 

1 13 

Aug. 17, Oct. 5, Nov. 22, 1917; 

Mar. 31, : 

1018. 

Colombia 

; 0 

Sept- 7, Nov. 12, 1917. 



Costa Rica 

1 2 

; Nov. 14, 1917. 



Chba 

4 

Aug. 30, Nov. 21, 1917; Feb. 12 May .11, 

1918. 

Denmark 

4 

Aug. 4, 1917. 



Keuador 

2 

Sept- S, 1917. 



France 

32 

1 Aug. 2, Sept. 27, 1917. 



Great Britain and It eland 

104 i 

July 2S, Aug. 25, Oct. 3, Dec. L 

!2. 1 >17. 


Guatemala 

1 

July 2S, 1917. 



Uaiti 

, 3 i 

Sept. 7, Nov. 14. 1917, Apr. 1, 

191S- 


Honduras 

1 : 

Sept. 8, 1917. 



India 

11 

July 28, Aug. 25, Oct. 3, Dec. t 

>2 1917. 


Italy 

2I-, 

Aug- 23. Oct. 20. Dee, 2S, 1917. 



Jamaica 

1 

Sept. 11, 1917. 



Japan 

Jt 

Get. It), 1917; Jan s. May 7, 1 1 

1 


Mexico 


Aug. 30, Nov. 21, 1917; Feb. It 

>, Miy 1, 

1018. 

New South Wales 

; IS 

Sej>t. U), Nov 13, 1917; A]>r 2 

, V’D. 


NewZealan<l 


Sept. 28, 1917; Nov. 21, Apr. 2 

, I ds. 


Nicaragua 

1 

Sept. S, 1917. 



Paraguay 

2 

Do. 



Peru 

S 

Sept. S, Nov. 10, 1917; Apr. 2, 

1918. 


Portugal 

4 

.\ug. 4, Oct. It), 1917. 



Queensland 

1 

Sept. 2ti, Nov. 21, 1917; Vpr. 2 

, 1918. 


Salva<lor 

1 

i Se])r. >, 1917. 



Siam 

1 

i Sept. 12, l'a7. 



South Australia 

11 

[ Sept. 19, Nov. 17, 1917: .Vpr. 2 

, 191S. 


Spam 

12 

! Aug. r., Oct. 12, 1917; Jan. 9, 

1918. 


Switzerland 


i Vug. 10, 1917. 



Tasmania 


1 July 2.8, Vug. 27, Dec. 22, 1917, 



Union of South Africa 

0 

, .Vug. Is, Dei-. 7, 1917. 



Uruguay 

10 

1 Sept. 0 , Nov 1(1, 1917, Apr. 2, 

1918. 


Venezuela 

6 

j Sept, f), Nov. 12, 1917: Apr 2, 

I!>i8. 


Victoria 

14 

j Sept. 18, Nov Iti, 1917; Apr 1 

7, 1918 


Western Australia 

<1 

j July 2s, Aug 2), r>cc. 22, 1' 17, 
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FOREIGN DEPOSITORIES OF UNITED STATES GOVERNMENTAL 

DOCUMENTS. 

Ninety-one sets of United States governmental documents were 
received during the year for distribution to the following deposi- 
tories : 

DEPOblTOlilKS OF FUTX SETS. 

Argentina : Ministerio de Uehiciones Exteriores. Buenos Aires. 

Australia : Library of tiie Common wealth Parliament, IMelbourne. 

Austria: K. K. Statistiscbe Zentral-Koinmission. Vienna. 

r>ADEN: Universitiits-Bibliothek, Freiburi^. (Depository of the Grand Duchy of 
r>adeiL ) 

Bavaria: Ivdinfalirlie ITof imd Staat^i-Bibliothek. Munich. 

Belgiu:m : Bibliotlieciue Roy ale. Brussels. 

Brazit. : Bibliotheca Naeional, Rio de Janeiro. 

Buenos Aires: Biblioteca de la Universidad Naciiaial de T.a Plata. (Deposi* 
tory of the Province of Buenos Aires.) 

Canada: Library of Parliament, Ottawa. 

Chile: Biblioteca del Congreso Nacional. Santia^to. 

China: American-Chinese Publication Exchange Department, Shanghai Bureau 
of Foreign Affairs, Shanghai. 

Colombia : Biblioteca Nacional, BogotA. 

Costa IIica : Oficiiia de Deposito y Caiije Internacional de Publica clones, San 
Jos^. 

Cuba: Secretaria de Estado (Asimtos Generales y Canje Internacional), Ha- 
bana. 

Denmark : Kongelige Bibllotheket, Copenhagen. 

England : British iluseuin, London. 

France: Bibliotheque Nationale. Paris. 

Germany: Deutsche Reielistags-Bibliothek, Berlin. 

Glasgow: City Librarian. Mitobell IJi)rary, Glasgow. 

Greece: Bibliotheque Nationale, Athens. 

IIaiti : Secretaire d'Ktat des Relations Exterieures, Port au Prince. 

Hungary : Hungarian House of Delegates, Budapest. 

India: Imperial Library, Calcutta. 

Ireland: National Library of Ireland, Dui)lln, 

Italy : Biblioteca Nazionale Vittorio Emanuele, Rome. 

Japan: Imperial library of Japan. Tokyo. 

London: London School of Economics and Political Science. (Depository of 
the London County Council.) 

AIanitoba : Provincial Library, Winnipeg. 

Mexico: Institute Bibliogrhfioo, Biblioteca Nacional, Mexico. 

Netherlands : Library of the States General, The Hague. 

New South Wales : Public Library of New South Wales, Sydney. 

New Zealand: General Assembly Library, Wellington. 

Norway: Stortliingets Bibliothek, Christiania. 

Ontario : Legislative Library, Toronto. 

Paris : PrCTecture de la Seine. 

Peru: Biblioteca Nacional, Lima. 

Portugal: Bibliotheca Nacional, Lisbon. 

IhiussiA : Konigliche Bibliothek, Berlin. 

Quebec : Library of the Legislature of the Province of Quebec, Quebec. 
Queensland : Parliamentary Library. Brid)ane. 
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Russia: Imperial Public Librar>% Petrograd. 

Saxony : Kdnigliche Oeffentliclie Bibliotliek, Dresden. 

Serbia : Section Administrative du ^linistere des xVffaires l':trangeros, Belgrade. 
South Australia : Parliamentary Library, Adelaide. 

Spain: Sendcio del Cambio Intemacional do iniblica('i<>uo^, (.'uorpo Faciiltativu 
de Archiveros, Bibliotecarxos y Arqiiedlogos, lad rid. 

Sweden : Kungliga Biblioteket, Stockholm. 

Switzerland : Bibliotheque Federalo, Berno. 

Tasmania : Parliamentary Library, Hobart. 

Turkey: Department of Public Instruction, Cozistantizmido. 

JLFnion of South Africa: State Library, Pretoria, Transvaal. 

Uruguay: Oficina de Canje Intemacional do Piddicaciones, ^Montevidio. 
Venezuela: Biblioteca Nacional, Caracas. 

Victoria: Ihiblic Library, IMelbonrjic. 

Western Actstralia : Public Library of Western Australia, l»erth. 

Wurttemberc : Ivdnigliclie Laiidosbihliothek, Stuttgart. 

depositories of partial sets. 

Alberta: Provincial Library, Edmonton, 

Alsace-Lorraine: K. Miuisterium fiir Elsass-Lothringen, Strass]>urg. 

Bolivia: Ministerio de ColonizaciOn y Agricultural, La Paz. 

Bremen : Senatskommission fiir Ttoichs- und Aiiswartige Angelogenheiteu. 
British Columbia: Legislative Library, Victoria. 

British Guiana: Government Secretary's Ofiice, Georgetown, Denu'rara. 
Bulgaria : Minister of Foreign Affairs, Sofia. 

Ceylon: Colonial Secretary’s Office tnecoi-d r>ei)azdinent of the Library), Co- 
lombo. 

Ecuador: Biblioteca Nacional, Quito. 

Egypt: Bibliotheque Khediviale, Cairo. 

Finland: Chancery of Governor, Helsingfors. 

Guatemala : Secretary of the Government, Guatemala. 

Hamburg: Senatskonmiissi(ni liir die Iteichs- iiml Au.swiirtigen Angelegenheiteu. 
HeSvSe: Grossherzogliche HoLBibliothek, Darmstadt. 

Honduras : Secretary of the Government, Tegucigalpa. 

Jamaica : Colonial Secretary, Kingston. 

Liberia: Department of State. ^lonrovia. 

Loitrenco ^Marquez: Government library, Lonrenqo ^lifarqiiez. 

Lubeck : President of the Senate, 

Madras, Pro\t:nce of: Chief Secretary to the Government of Madras, I'ublic 
Department, Madras, 

Malta: Lieutenant Governor, Valetta. 

Montenegro: Ministere des Affaires Etr.aigerp-;, Cetinje. 

New Brunswick: T.'egislative Library, FriTlcricton. 

Newfoundland : Colonial Secretary, St. John’s, 

Nicaragua: Superintendente de Archivos Na<'ionnles, ^Managua, 

Northwest Territories: Government Library, Bogina. 

Nova Scotia: Provincial Secretary of Nova Scotia. Halifax. 

Panama : Secretaria de Relacioncs Kxteriorcs, Panama. 

IkvRAGUAY : Oficina General de Inmigracion. Asum ion. 

Prince Edward Island: Legislative Library. Charlottetown. 

Boumania : Academia Romana, Bucharest. 

Saltadur: Ministerio de Belaciones Exteriore.s, San Salvador. 

Siam: Department of Foreign Affairs, Bangkok. 
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Stbaits Settlements : Colonial Secretary, Singapore. 

United Peovinces of Agka and Oudh : Under Secretary to Goveruiiient, Alla- 
habad. 

Vienna : Burgermeister der Hiuipt- iind Residenz-Stadt. 

INTERPARLIAMENTAHY EXCHANGE OF OFFICIAL JOURNALS. 


complete list of the coimtries which have entered into the Inter- 
parliamentary Exchange of Official Journals with the United States 
is given below. The Congi'essional Records for those coimtries to 
which it is not possible to forward consignments at present are being 
held at the Institution. 


Argentine Republic. 
Australia. 

Austria. 

Baden. 

Belgium. 

Bolivia. 

Brazil. 

Buenos Aires, Provinee o 
Canada. 

Costa Rica. 

Cuba. 

Denmark. 


France. 

Great Britain. 
Greece. 

Guatemala. 

Honduras. 

Hungary, 

Italy. 

Liberia. 

New South Wales. 
New Zealand. 

Peru. 

Portugal. 


Prussia. 

Queensland. 

Roumania. 

Russia. 

Serbia. 

Spain. 

Switzerland. 

Transvaal. 

Union of South Africa. 
Uruguay. 

Venezuela, 

AVesteru Australia. 


FOREIGN EXCHANGE AGENCIES. 


Consignments for India, instead of being forwarded through the 
India Office in London as formerly, are now sent directly to the Su- 
perintendent of Stationery at Bombay, which has been designated as 
the establishment to undertake the distribution of exchanges in that 
country. This change was made at the request of the Under-Secre- 
tary of State for India in London. 

Below is given a complete list of the foreign exchange agencies 
and bureaus : 


Algeria, via France. 

Angola, via Portugal. 

Argentina: Comision Protectora dc Biblictccas Populares, Santa 880, 
Buenos Aires. 

ArsTRTv: K. K. Stati^tischc ZontraMvounnission, Vienna. 

Azores, via I'ortugal. 

Bllgilwi : Service Bolgt' des Echanges Internationauv, Rue des Longs-Chariots 
4G, Brussels. 

I'olima: Olicina Nacitinal de Kstndistu'a, I.a l\iz. 

Brazil: Servico de Permutacoes Internacionaes, Bibliotheca Nacional, Rio de 
Janeiro. 

British Colonies: Crown Agents for the Colonies, London. 

British Guiana: Royal Agricultural and Uomniercial Society, Georgetown. 
British Honduras : Colonial Secretary, Belize. 

Bulgaria: Iii'^ritutions Scieiitifi(iues de S. M. le Ri)i de P»ulgarie, Sotia. 
Canary Islands, via Spain. 
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Chile: Servicio cle Canjes Internacionales, Biblioteca Xacional, Santiago. 
China: Ameriean-Chinese rii])lication Kxdiango Department, Shanghai Bureau 
of Foreign Affairs, Shanghai. 

Colombia: Ohcina de C’anjes Intenuu-ionalos y lleparto, J>ibliotera Xacional, 
Bogotii. 

Costa Rica: Oticina de Deposito y Canje Internacional de Publicaciones, San 
Jose. 

Denmark ; Kungelige Danske ViUenskabernes Selskab, Copenhagen. 

Dutch Guiana : Snrinaainsche Koloniale Bibliotheek, I^aramaribo. 

Ecuador: ilinisterio de Relaciones Exteriores, Quito. 

Egypt: Government Publications Otiive. 1‘rinting Department. C’airo. 

France: Service Frangais des I^changes Internatioiiaux, 110 Rue de Grenelle, 
Paris. 

Geraiany : Amerika-Institiit, Berlin, X. AV. 7. 

Great Britain and Ireland: IMes'^rs. William Wesley & Sun, 2S Essex Street, 
Strand, London, 

Greece: Bibliothdque Xationale, Athens. 

Greenland, via Denmark. 

Guadeloupe, via Frame. 

Guateaiala : Institute Xacional de Varones, Guatemala. 

Guinea, via Portugal. 

Haiti : Secretaire d'Etat dt's Relations Kxtcricaii'f's, port an Prince. 

IIonditias : Biblioteca X'acional, Tegucigalpa. 

Hungary: Dr. Julius Pikler, Municipal GilU'e of Statistic^, Vaei-in<*a 80, Bmhu 
pest. 

Iceland, via Denmark. 

India: Superintendent of Stationery, Bombay. 

Italy: Ufficio degli Scamln Internazionali, Bildioteea Xazioiiale Vittorio 
Emanuele, Rome. 

Jaaiaica : Institute of Jamaica. Kingston. 

Japan : Imperial Library of Japan, Tokyo. 

Java, via X'etherlands. 

Korea: Government General, Keijo, 

Liberia : Bureau of Exchanges, Department of State, Monrovia. 

Lourenco Marquez: Government Library, Lourengo ^larquez. 

Ll'xeaibukg, via Germany. 

1[adagascar, via France. 

Madeira, via Portugal. 

^Montenegro: Ministere des Affaires Ktrangeres, Cetiiije. 

Mozambique, via Portugal. 

Xetiierlvnds : Bureau Scientilique ( Vidral Xeerlamlui'^. Bibliutheque de TUni- 
versit^, Leyden. 

Xew Guinea, via X'etherlands. 

Xew South IVales : Public library of Xew South AValos, Sydney. 

Xew Zealand: Dominion Mii'^enm, V/ellington. 

Xicaragua: Ministerio do Relaciones Exteriores, IManagua. 

XoRw aa : Kuuaelice Xuiske I I'edmTk'^ I iii\’ersiti‘t Bibliuthekid. ( ’hristiania. 
Panama: Secretaria de Relaciones Exteriores, Panama. 

pARAtu’AA : Si‘r\i<*io de ('unjl' Internarional de Ihiblieaciones, Seeddu Consular 
y de Coinerdo. Ministerio de liehmioTU^s Kxtmluri'S, A^un<-ion. 

Persix : r>oard of Foreign INFissiuns of the PrednttTian (diiireh, Xew York City. 
Peru: Dficino de lieparto, DejM^xito y Canje Internadoiial de Publicaciones, 
MinNterio de Fimiento, Lima. 
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Portugal: Servi^-o de PeiTuutLKjucs Intornucionacs, Inspecgrio Geral das Biblio- 
thecas e Arcliivos Publicos, Lisbon. 

Queen sr^VND : Bureau of Exeluinges of International Publications, Chief Sec- 
retary's Onice. Brisbane. 

Roumania: Academia Romana, Bucharest. 

Russia: Comiiiissiou Russe des Lcluinges Internutionaux, Bibliotheque Impe- 
riaie Publique, Petrograd. 

Salvador: Ministorio de Relaciones Kxtorioros, San Salva<lur. 

Serbia: Section Administrative du Mluistere des Affaires Etrang^res, Belgrade. 

SiAiE : Department of Foreign Affairs, Bangkok. 

South Australia: Pnbli(' Idhrary of South Australia, Adelaide. 

Spain: Servicio del Cambio Internacional de Publicaciones. Cuerpo Facultative 
dc Archiveros, Bibliotecarios y Arqueulnaos, Madrid. 

SUiiATRA, via Netherlands. 

Sweden: Kongliga Svenska Veteii'^kai^s Akadcmieii, Siockhulm. 

Switzerland: Service <les Eoluinges lurernationaux. l>ibli()the(iue Federale 
Centrale, Berne. 

Syria: Board of Foreign ^Missions of the I’rosbyteriaii Church, New York. 

Tasaiania : Secretary to the Premier, Hobart. 

Trinidad: Royal Victoria Institute of Trinidad and Tobago. Port-of-Spain. 

Tunis, via France. 

Turkey: American Board of Commissioners for Foreign ^Missions, Boston. 

Union of South AfPvICa: Government Ihunting Works, Pretoria, Transvaal. 

Uruguay: Oficina do Canje Internacional, Montevideo. 

Venezuela: Biblioteca Nacional. Caracas. 

A^ictoria : Public Library of ATctoria, Alelliourne. 

AA’estern Australia: Public Library of AA^estern Australia, Perth. 

AATndward and Leeward Islands: Inii>erial Deiuirtment of Agriculture, Bridge- 
town, Barbados. 

Eespectfully siibniitted. 

C. W. ShOEAIAIvEIL 

Chief Clcrk^ International Exchange IServlce, 

Dr. Charles D. Walcott, 

Secretary of the Smithsonian Institution, 

August 26, 1918. 



APPENIDX 4. 


EErOET OX THE XATIOXAL ZOOLOGICAL PAEK. 

Sir : I have the honor to pre.seiit the following report on the opera- 
tions of the Xational Zoological Park for tlie fiscal year ending June 
30, 1918; 

The sum of $100,000 was provided by Congress in the sundry civil 
act for all expenses excej)t printing and binding, for which an addi- 
tional allotment of $200 was made, \hrtually the entire appropria- 
tion was needed for actual maintenance, the cost of Avhich continues 
to increase from year to year, and only small sums could be expended 
on necessary repairs or minor permanent improvements. There has 
been difficulty throughout the year in keeping the required number 
of emploj^ees in all departments of the force, while the resources of 
the park have been taxed to the utmost to care properly for the 
greatly increased number of visitors. Xotwithstanding the diffi- 
culties of the wild-animal trade and the great reduction in the num- 
ber of specimens reaching this coimtrv from abroad, the collections 
have been kept up to a fair standard in numbers without serious gaps, 
and the popular and scientific value of the exhibition has not been 
impaired. 

ACCESSIOXS. 

Gifts , — There were added to the collection l)y gift a total number 
of 103 animals. The li^t includch many valuable and im 2 )ortant ac- 
cessions, among them several specie^ not previously exhibited in the 
park. 

The fii"st specimen of the glacier bear {U rsiis emmoiisa) ever 
known to have been captured alive was recei^vd at the park July 25, 
1017, as a gift from Mr. Victor J. Evans, of Washington, D. C., who 
has made many donations to the collection in past years. The glacier 
bear, or blue bear as it is sometimes called, has a very limited distri- 
bution in the region of the St. Elias Alp^^, near Yakutat Bay, 
Alaska. It was first described in 1895 and since that time only one or 
two skins luue been brought into Yakutat by the Indians each year. 
The specimen secured by Mr. Evans was captured as a small cub by 
an Indian at the head of Disenchantment Bay, a continuation of 
Yakutat Bay, about the middle of ^May, lidt), and was soon after sold 
to a trader in Yakutat. As one of the rarest and lea.A known of the 
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great game animals of America, the glacier bear has, since its dis- 
covery, been watched for eagerly by the officials of zoological gardens. 

The New Zealand Government, through Mr. Ben Wilson of the 
Department of Tourist and Health Eesorts, made to the park the 
most valuable gifts of bft'ds received during the year. These in- 
cluded six keas, or vsheep-killing parrots {Nestor nofabilis)^ and 
eight wekas, or flightless rails {Ocnjchvmns) from South Island, New 
Zealand. The keas are beautiful and interesting parrots of large 
size which inhabit the high mountains of New Zealand. Some indi- 
viduals of the species have developed the habit of killing sheep, 
and as a consequence the birds have been greatly reduced in numbers 
by the stockmen, A large outdoor cage with shelter attached was 
constructed near the bird house and the keas have attracted great 
attention. They are utterly unmindful of the cold, and during the 
unusually severe weather of last winter they played in the snow and 
bathed in icy water. The wekas, of which three species are repre- 
sented in the collection, are members of the group of rails notable 
for their imperfectly developed wings. They are of the size of a 
Avell-grown pullet and are mischievous and quarrelsome ei^en among 
others of their kind. Unlike their relatives in North America they 
are not aquatic, but inhabit dry woods and scrub. 

Two interesting collections of Trinidad snakes Avere received from 
Mrs. James Birch Rorer and from Hon. Henry D. Baker, Trinidad, 
British West Indies. Included in the lot from Mr. Baker was a 
large boa constrictor nearly 11 feet in length. 

Among the miscellaneous donations for the past year were some 
valuable parrots from individuals as noted below. Not less than 
six species of amazons, of Avhich the white- fronted {Anutzmin alhi- 
frons), yellow-cheeked {Amazona cmfvmr(dh') . and Santo Domingo 
{Amozovu veiifraris^ were new to the collection, were received in 
this manner. The Brazilian green macaw and Haitian paro({uet 
Avere also previously unrepresented. 

The complete list of donors and gifts is as follows: 

Mr. Xormnn Aiidt^rson, Wasluncrton, D. C., allijrator, 

Mr. (4. (rordon Bailey, WashiiiLrion. 1). r., ivd-tailed hawk. 

Hon. Henry D. Baker, Trinidad, British Indies, boa constrictor, tree 

>‘oa, three lora snakes, and three water coral snak(‘s. 

Mrs. Barefield, Washington, D. C., Cnhan parrot. 

Mr. .L Barnes, Wasliington, D. C., alligator. 

Maj. E. R. Beadle, Paris Island, S. C.. peacock. 

Miss Pearl Beard, Herndon, Va., American crow, 

IMr. William Blum, Chevy Clmse, Md., opossum. 

IVIr. S. Howe Bonar, Mounds vide, W, Va., erreat horned owl. 

Mr. C. F. Borden, Brookland, P. C., white-fronte<l ])arrot. 

^Ir. J. T. Boston, Washington. D. C., American coot. 

:Mrs. ,T. Bourke, 'WasldnLrton, P. C., two alligators. 

Mrs. C, V. Brooks, Pel Bay, Va., alligator. 
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Mr. Bobby Bulk ley, Chevy Chase, D. C., allijrator. 

Mr. Willanl Burton, Washington, D. C., alligator. 

Camp Meiers Band, Quarternuistor Coi-ps, United State.s Army, Washington, 
T>. C-, turkey. 

Mr. James L. Chase, Washington, D. C., yellow-cheeked parrot. 

Mr. Waldo A. Clarke, Washington, D. C., oposi^um. 

Miss Pauline Corson, (luinea Mills, Va., raccoon. 

JMrs. M. r>. Crawford, Washington, D. C., yellow-headed parrot and two 
double yellow-head parrut.s. 

Mr. Ernest W. Davis. Asheville, N. C., Margarita capuchin. 

Department of Tourist and Health Besorts, Now Zealand (lovernment, 
through Mr. Ben Wilson, six kea parrots and eight weka rails. 

Mr. Victor J. Evans, Washington, D. C,, glacier bear. 

Mr. L. K. Gral>ill, Takoma Park, D. C., alligator. 

Miss Catherine N. Hintcm, Petersburg, Va., white-throated capm-hin. 

Mr. A. B. Hodges, AVashington, D. C., alligator. 

Mr. A. Y. Holl'man. Washington, D. C., Brazilian green inac'aw. 

Li(ait. C. D. Holland, AA'ashington, D. C-, two double yellnw-head parrots. 

Mr. J. M. tiorton, AA^ashington, D. C., alligator. 

Mr. C. E. Hunt, AA^a.shington, D. C., two mourning dove<. 

Air. T, A. James, Augusta. Alt'., two black ducks. 

Air. F. H. Johnson, AA^'ashington, D. C., two alligators. 

Mr. E. S. Josepli, Sydney, Au'^tralia, dingo, two Tasmanian phalangers, two 
stump-tailed lizards, and three hlue-tongued lizards. 

Mr. C. Herbert Kreh, Frederick, Aid., copperhead. 

Kvey, Price Co., AVashington, D. C., bald eagle. 

Mi'^s F. I. Latham, Brookland, D. C., ])ob white. 

Air. ( \ C. Lets, Chevy Chase. D. C., water snake. 

Airs. Alacklehant'y, AA'ashington, D. C., alligator. 

Air. R. H. Alaciieil. AVashington, D. C., alligator. 

Air. AVilliam AI. Alann, AATishington, D. C., crocodile. 

Airs. John 11. AIcChesney, AATi'^hington, D. C,, Haitian paroqmd tind Santo 
Domin,go parrot. 

Airs. F. AltAIanamy, Chevy Chase, Aid., screech owl. 

Airs. Thomas P AInrgan, AVashington, D. C., Idiilippine ma(‘a(pn\ 

Air, H. A. O’Dwyer, AA’ashington, D. C., barre<l owl. 

Airs. Charles Parks, AVashington, D. C., albino squirrel. 

Air. A. H. I*eter>on, A\'ashington, D. C., screech owl. 

Air. J. S. Rector, AIcLean, A^a., barred owl. 

Mrs. C. S. Ruck wood, AVashington, !>. C , ring-necked duck. 

Airs. James Birch Rnrer. Trinidatl, British AAT^st Indie';, anncondn. lora 
snake, and slug-eating snake. 

Mr. Charles E. SchalTner. AATisliington, D. C. canvasl>ack duck. 

Air. Alilford Schwartz, AA’ashington, D. C,, barred owl. 

Airs. J. Ak Shipp, Chevy Chase, D. C., Cuban paiT(d. 

Aliss Afarjorie Smith, Fort Aleyer Heights, Aku, alligatox\ 

Alr.s. T. K. Smith, AAkasiiington, !>. (’, alligator. 

Air. J. E. Taylor. Oxford, Aid., red fox. 

Air. Joseph Turner, AATisliington, D. C., black boar. 

Airs Frank AA'alter, AAhisbington, D. C., yellow-liendod parrot. 

Mr. F. L. AVaters. AA^asbington. D. C., two aUigarf)rs. 

Air. Alexander AVetmore, AVasiiington, J). C., Amen<‘an crow. 

Air. AValter L. AVhitney, Takoma Park, D. C., coyote, 

Mr. Bertram Will^, Washiiigti.n, D. C., two alligators. 
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Hon. Woodrow Wilson, Washington, D. C., turkey. 

Mr. Nelson U. Wood, Wasliington, D. C., cedar waxwing. 

]Mr. E. S. Wright, Las>iter, Va.. black-crowned night heron. 

In addition to the vertelirate animals listed above and regularly 
catalogued in the collection, a most interesting exhibit of crabs was 
maintained throughout most of the year. The specimens were pre- 
sented by the collector. Dr. Paul Bartsch, of the Xational IMuseum, 
and comprised West Indian hermit crabs {('a^nohfta (h/iuata) 
from Bush Key, and 37 West Indian land crabs {Gccdrchius rmitcr- 
aJk) from Loggerhead Key, Dry Tortugas, Fla. Some specimens 
of the work of beavers, stumps and cuttings made by the animals in 
the constructioji of dams and lodges, were collected in the Adiron- 
dacks, and presented to the Park by Mr. W. E. Talmage, of CIcac- 
land, Ohio. Arranged on a stand constructed for the purpose in the 
beaver inclosure, they have added greatly to the interest of the public 
in this animal and its Avork. 

— Sixty-three mammals were born, and Ihrds Avere 
hatched during the year. The births include 1 Brazilian tapir, 1 
yak, 2 ])ison, 2 Rocky Mountain sheep, 2 nilgais, 1 Ijlack buck, 2 
mianacos, 8 llamas, 1 black-tailed deer, 1 Viririnia deer, 1 Manchurian 
deer, 2 American elk, 5 red deer, 1 falloAv deer, I axis deer, 2 hog 
deer, 4 Japanese deer, 1 barasingha deer, 4 great red kangaroos, 1 
brush-tailed rock kangaroo, 1 rufous-hell ied wallaby, 1 common pha- 
langer, 2 Tasmanian phalangers, 4 raccoons, 0 coypus, 1 paca, 2 
Peruvian AAuld guinea-pigs, and 2 rhesus monkeys. The birds 
hatched include Canada geese. Avood ducks, mallards. East Indian 
black ducks, American coots, cormorants, night heroii'^, and pea- 
foAvls. 

The tapir, born February 22, is the ninth young reared in the })ark 
since 1003 from a single pair of animals. 

— In exchange for surplus animals born in the park 
there AAxre received during the year 11 inammaL, 25 ])irds, and f> 
reptile-. Some valuable additions Avere made to the collections from 
this source, including a female Manchurian tiger, a young Himalayan 
l)ear, a Idesbok, tAvo striped hyenas, and a number of Australian 
mammals, birds, and reptiles. A pair of straAv-necked ii)ises 
phihJs sphifroVi^)^ the first of the species eA^r shown in the park, was 
received in May. 

rurcha>^L'x , — The only mammals purchased during the year Avere 
12 prairie-dogs to restock the *' 4og toAvn," the population of which 
had been greatly reduced in numbers, and one ^peci^nen of the Ari- 
zona mountain sheep. Birds to the number of 104, mostly AvaterfoAvl 
and small aviary species, aaxu’c added to the collection by purchase. 
Perhaps the most notcAvorthy accession by purchase among the birds 

136 ( mO '— 20 6 
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is a pair of thick-billed parrots {Rhynchopsitfa pacKyrhyncha) from 
the Chiracahiia Mountains of Arizona. This species is the only 
member of the order of parrots, excepting the almost extinct Caro- 
lina paroquet, known to occur within the United States. At inter- 
vals a number of years apart flights of thick-bills appear in the 
mountains of southern Arizona, coming from Mexico. The birds 
obtained for the park were captured in January in the pine forested 
Chiracahuas, when the ground in the higher altitudes where the 
birds occur was covered with snow. A single reptile, a rattlesnake, 
was purchased during the year. 

Transfers, — The Biological Survey of the Department of Agricul- 
ture, as in the past, contributed to the collection by the transfer of 
a number of specimens captured by field agents of the bureau. 
Seven plains wolves, including one black wolf, were received from 
Montana, Wyoming, and Utah. From New Mexico the Biological 
Survey sent a specimen each of the western horned owl, ferruginous 
rough -leg hawk, and Abert's squirrel. 

Captured in the parl\ — Three mammals, five birds, and one rep- 
tile captured within the boundaries of the park were added to the col- 
lection. 

T>epos7fed, — Mr. E. vS. Joseph, of vSydney, New South Wales, de- 
posited with the park in September, 1917, a specimen of the brown 
hyena {Hycena hrunnea) of South Africa. The species is one of the 
rarest of mammals and had not heretofore been exhibited in Wash- 
ington. It is now possible for the first time to compare in the col- 
lection living examples of the three distinct types of hyenas — ^the 
spotted, striped, and brown. Birds received on deposit and not 
otherwise represented in the collection are the Panama parrot 
{Ama^ona farinosa inornafa) from Mrs. M. W. Gill, Washington, 
D. C., and the blue-winged parrotlet {Psittaoula passenna) from Mr, 
W. J. La Yarre, jr., Washington. D. C. Fur-bearing animals from 
the Biological Survey and eight alligators from the Pan-American 
Union were received on deposit during the year. 

REMOVALS. 

The following surplus animals were exchanged to other zoological 
gardens: Five aoudads, 1 tahr, 2 l)ison, 2 llamas, 2 guanacos. 1 Ara- 
bian camel, 5 red deer, 6 fallow deer, 2 Japanese (leer, 2 axis deer 
1 Kaslunir deer, 1 baboons, 1 monkey, 1 tiger, 1 raccoon, 13 corpus^ 
G East Indian black ducks, 4 Canada geese, 3 peafowl, and 6 alli- 
gators. A few specimens on deposit were returned to ownere. 

Among the specimens lost by fleatli wore a few of the oldest ex- 
hibits in the park— animals that liad been here for many years. The 
female Steller s sea-lion died of gastroenteritis on January 2'^ This 
fine specimen was received October 23, 1900, and had therefore been 



KEPORT ON THE NATIONAL ZOOLOGICAI. PARK. 


71 


in the park, in good health, for over 17 years. Its age at the time 
of arrival was uncertain, but it was probably over 2 years old. 
The Somaliland lioness, Iluchess, which was received at the park 
December 17, 1902, when about 3 years old, from Hon. E. S. Cun- 
ningham, United States consul at Aden, died June 15, 1918, at an 
age of about 19 years, 15^ years of which had been spent in the 
park. It is extremely doubtful if a wild lion ever reaches so advanced 
an age. A male Brazilian tapir received from Commander C. C. 
Todd, United States ^favy, May 19, 1899, died September 17, 1917, 
after a period of 18 years and 4 months of life in the park. Among 
the birds, a yellow-throated caracara {Ihycter^ ater) received from 
Hon. E. H. Plumacher, United States consul at Maracaibo, 
Venezuela, October 19, 1904, after 13 years and 4 months of life 
in the bird house, died on February 22, 1918. A male cassowary 
died October 21, 1917, of aspergillosis; it had been in the collection, 
in excellent health, for eight years. Others of the more serious 
losses were a wombat, a Japanese bear, the sable antelope, an eland, 
and a Cape Barren goose. 

Through cooperation with the Department of Agriculture, post- 
mortem examinations were made, as usual, by the pathological 
division of the Bureau of Animal Industry.^ 

Of the animals lost by death, all specimens of scientific importance 
or needed for museum work, 19 mammals, 20 birds, and 16 reptiles, 
Avere transferred to the United States National Museum for study 
and permanent preservation. 


ANIMALS IN THE COLLECTION .TUNE 30, 1918- 
MAMMALS. 

MAKSUPIALIA. 


Virpcinia opossum { Diflclitliis i irf/ini- 

ana) 

Tasmanian devil t t<<in ophiJus lutr- 

ri.si) 

I*lialanger {T} ithO'iurHb luJpi viiln) ^ 


Dusky phalan^er {Tri< }it)3nru‘=i fnlig- 

ino'<uf^) 4 

lU-nsh-tailecl rock kancraroo {Petro- 

6 I pf uiciJlata) 3 

Orcat jjray kaiiiraroo i Macropus 

2 fjifjantciib) 2 

3 ! Red kanpiroo i Man opui rufu^) 8 


1 Tho followincj li.st shows fin' resulls of auto[‘sies, the cases heiiit; arrani^cd by groups. 


CAl SKS UF puirii. 

Mammals, — Mar>.upinlia : Pneumonia, 2; .lia^troonteritis. 1; peritonitis, 1. Carnivora; 
Pneumonia, 4 ; tuberciiIo>is, 1 ; gastroenteritis. 2 : enteritis. 1 : septicemia, 1 : evstic 
chondroma on lu'ud, 1. Pinnipedia: Ga^troenteritij', 2. Rodentia : Pneuinocnteritis. 1. 
Primates; Pneumonia, 1; luberculusis, 1; gastroenteritis. 4: severe constipation. 1. 
Artiodactyla : Pm umonia, 3 ; tuberculosis, 2 ; gastroenteritis, 2 ; pyaemia, 1. Perisso- 
dactyla : Tuberculosis, 1. 

Birds . — Ratitm: Aspergilh-tsis, 1. rironiiformes * DiLo stive di^orth'r, 1: enteritis. 1 
impaction of crop, 1. Anseriformes ; Tuberculosis, 3: aspergillnsD, 3; enteritis. S; 
catarrhal gastritis, 1 ; pericarditis, l ; avian gout. 1 ; anemia, 2 : internal hemorrhage, 1 : 
no cause found, 4. Falconiformes ; Xo cause found, 1. Galliformes- Tuberculosis. 2: 
enteritis, 3; coccidial enteritis, 1; peritonitis, 1; no cause found. 4. Oruiformes ; 
Exposure, 1; no cause found, 3. Charadniformes ; Ent(>ritU, o; ulcerative enteritis, 4: 
cas<’Ous tumor in peritoneal cavity, 1; no cause found. 1. rticuliformes . Enteritis. 1: 
no caus<' f<iuud, 2. Coraciifermes : Hepatic hennitoiiM, 1 : srptiMunia, 4 Passeriformes: 
Enteritis, 1 : intlammatioii of mucosa of duodenum, 1 ; anemia, 1 ; no cause found, 5. 
Reptiles. — Serpentes : Parasitism, 1. 
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AXNUAL REPORT SillTHSOXIAiS- IXSTITUTION, 1018, 


Kangaroo Island kangaroo ropiis^ 

mclanopa) - 

Wallaroo {Macropiis r(j'h\isti{'<) 0 

Black-tailpMl wallaby unUi- 

hatus) 1 

Rufous-beliifd wall.jby { Macropit.'^ 

hillarilicrii) :i 

Parma wallaby ( \[n< ropu^ p<iyt7if})_^ 1 

Nail-tailod wallaby ( OiuicItofjiiJf 

fr<niita) 1 

Wombat \Ph<is<’oh>miis mitrlu Un -- 1 

rAKNivnR\. 

Kadiak boar ^Vrsus mUhJrndnrfJl) 1 

Alaska Poninsula b.>ar {Vri^u^ //i/ast- 11 

Yakutat boar (f/r-sa/s daUn 1 

Kiddi'r's boar {Visuti ^^id^lrri^ 'Z 

Kuropoan boar (Trsus- un-too i 

Grizzly lumr {Vr'^xs hoi’iihiU^) 

llimalay.in Iioar (1 thih( ^ 1 

Black boar \ Crfius um< ricanus) 3 

Konai black boar unit rit-'uiu'r 

pernk/rr) 1 

Cinnamon hv.ir (Trwos* urm f v (uiii'i 

cinn amom urn) 2 

Glaoior boar {T'rsu.s^ ennnousin 1 

Sloth b<‘ar i M* Jursu-< a r ><;?/?'') 1 

l*olar ])oar [ ThnJun /os nuiritnniis )__ 1! 

Dingo (Cdiiis dintio) 1 

Ilskimo dog (/'ooos* 

(rray wolf n’oais nuhilus\ lo 

Soiithorn wolf (Coaos ffo, idunhw 1 

Woodlionso's wolf fni^tror) — l! 

CoyoTo (Cfn//v Jafnins) 3 

Rod fox {Vulpf s‘ fuJra) 5 

Gray fox (Crocpon (.inn'< ou rpf u- 

1 

Raccoon {Prof'uon Zo/om lo 

Gray ooatiinimdi [Sn'^utt nmna^ 1 

Kinkajoii (Pot ns pntu-'O 1 

Forrot iMu'^tda furo\ 1 

Tayra (Tai/ra horhnf’n) 1 

Skunk {Mf phitii< inqxn ^ 1 

Am'Tican It.idgcT ( To.ruh a tu rii x 11 

KuKipoan b.jdgor (Mihs 2 

Florida ott' r (Lvtxi < ininh }Xi - 

1 (If/a \ 4 

African <‘iv( 1 IFimom? txitfa) 1 

Gonot (Ocuf tta a>>nit(t\ 1 

Spotted b^otia (('Hhuta ()u,atii, 1 

Brown bv«na (Jliiona hX'inKOi 1 

Striped illaona Jiioiaai 2 

African (boctah ( \inio)iu,r jhhntif'^). 2 

Li<»n tPe/js /co ) 4 

Bengal tiger (Fdx liqri-^) 1 

Manchurian tigei t/V/is /o/ms lauat- 

pili^} 2 

Leopard (Fdifi pn/fhn) 2 


Fasr Afii'an bopard { F( lx pardu-^ 


snafu t if a i 1 

Jaguar (IdJi^ oik a) __ 1 

Moxi<.in puma iFihs a:if<a\ 2 


Mountain li«>n hippoh 

t'anada l.\nx iLiinx > ati’i'h ixis \ __ 

Bay lynx ( l.an.c rnttn'^i 

Galifonua l\nx (I ptir < tihff,t',n< >(< , _ 


PINNIPEDIA. 

California soa-lion (Zalnphns cali- 

fornianus ) 2 

Harbor seal (Ploitui vitulina) 1 

liODENTlA. 

Ibitagonian < avy { Polo hotin pata- 


g>oni(‘a) 2 

Pf ruvian guinea pig (Caria tx-ltudii 

pa.Uidior) 5 

Gitinoa l)ig (Cum'.z poivv .7a-. ) 20 

Coypu { Mifoca<<ffjr toapi('>) 2 

Me\ir,ni agouti ( Dixppi’fjctfi i/uxl- 

Cfrna) 1 


Azara's agouti ( Dasiiprof fa uforfri_ 
Crested agouti { Dftstjprof fa < )\.s- 

tata 1 

Paca { CunU'nln'r pat a \ 


yi''( acha (T.aa<o tt>ina'< rna limiis) 1 

Crested poreupiU(' (Ilit),trix cri'i- 

iata ) 1 

Woodehuek {Mannota i 1 

Du^ky marmot {Mannota fiarivt n- 

tros* ob.sraia) L 

Prairie-lb ig (/'//aomi/s ludorU atuus) _ 1 i 


Albino s(|uirrel {i<fiuru>i cnrolimn- 


Aineinan lMa\<'r iGoa/o. canadno 


LAOUMOKPIIA. 

Bonte'.tii labliit [ < ). [id<>h{*in^ t unif- 

uhi-) . . ir> 

EDENTATA. 

Hairy armadillo ilPipItnalm liJJo- 


&US \ 1 

PRIMATES. 

1 

; Blrifk b inur iLtrnnr martiroi 1 

, Wlino-llireatt il <apuelun iCfhu-. < u- 

I put in a s 1 ^ 

I Maigarita <upucliiii {Ctltus mar<ja- 
, rit<r) I 

(di- eiua (Papn) p(})\ fii ^ns\ 1 

llamadrva^ baboon (Papio Jiama- 

dtua.\\ 2 

Mandrill i Popio sphinr) 1 

1 T>riil iPiipio J< ii< f}pJif/ n s s X 

I lileor imie.Kpte \ cnnopitin < u\ man- 

I ras 1 , ^ 

! I’!-e\\n tnai mjiH' (J/r/f(/ro sp<''(o.so)_ 2 

I .bipam-.' menlO'V i Mat fU'tr fii.-ftafti \ _ 2 

; iig-t.alMl luonkt y {Mata<(.i iKint- 


, llhi ^ns jiHtTik* V ( ]fa< (If a >■//( ''//s-t 21* 

i Benii' r nmiikev (.lforo«o sinuu) ] 

j Je\,iri inaeaiiw'' iJlaf^ata m(jrdux)-- 1 

: riiilippiiio m.ica<iue {Maca<a s>i- 

) li lita I 2 

Seoiy luaug.tb. y (((ixoctbas fnU</i- 

/jesRSf t) 
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Green gueiiou {Lnaiopuyu caUitri- 

chiia) 1 

Vervet giieuon { Ltmujpui/a 

th ra ) 2 

Mona {La,sii,pn(ia momi) .‘i 

Roloway giK'iion (LaAiop///;rt. ru/o- 


'icu in 1 

Patas inoiik<'y i.Erijt}iruci l)HS putas) ^ 
Chiinpanz(‘e iPan trofjhjdijtcb) 1 

AUTIODACTl'LA. 

Collared peccary ( Pecari ^ 1 

Wild boar (sus scrotai 1 


Wart-hog ( PIkicocJui run (rtJilfijnru.s) _ 
Ilippoporainu-s { Hippfjputfunus^ am- 

pJiihni'<) 

Batrician caiiH'l (CamiUin hactnan 



Arabian > ann-l {Cami lun dr>jmtdari- 
tis) 


Guanaco iLam<i Jiuanathu'^) 5 

Llama {Lama t/hnua) 9 

Alpaea (Lama puton ) — 2 

Yicuiia (Lamn vicupua) 1 

Fallow (h'ri* { Dama damn) 2 

Axis deer (A.rt.')* aa'/s > d 

[Tog doer (Iltfrlnphus porciniis) 7 

Sambar it*usa umcnlor) 2 

Luzon deer </i*asa lihilippuius) 1 

Baras1nc;ha {Piicrrriis diiraticf Im 12 

Japanese deer (SikiL nippoin !(• 

Red de<'r ( Ce/a a.'? daidiiis) lb 

Ka>bmir deer (Ccrrun Jiant/Ju\ 4 

Bedford deer { Crt rw^ duutiiopm/us a 
American elk {C</ras- taaadt __ 7 

Virginia deer i Odncoiltiis- Lin/inni'i- 

«NI - 11 

ilnle deer {Odocoih Ufi litmionilb) 4 

r.laf k-taile<l deer l OdacoUcus fnhim- 

JjUlHUS) 4 


Bh'Sbok (Z)ama?ns‘t i/!»‘ (ill}ifron8) 1 

White-tailed gnu {Connovhatcn 

gnu) 1 

Oefas'-a water-buck {Kohun dcfa'^sa) 1 

Indian antelope {Antib/i>r ctrvi- 

capra ) d 

Nilgai (Bundapliitn tra<f<n‘ftm<dun) 4 


Congo harno'^st>d antelope (Tragd- 

aphus gtatiis) 

East African eland {Tantotnigii'i 


orifX Ju ingstfjuii} 2 

Tahr {llcmitraans JamhUiicus) l\ 

Aoudad {Ammnt/ fK/un hriui) 4 

Rof ky Mountain shet^p {Ovm cana- 
densis) b 

Aiizona mountain sheep (Or/s cana- 

d< avis (jadlat di i _ 1 

Barbatlos slu'ep (Oms urics) 7 

Zebu (Ban indiru'-) 1 

Anoa ( Anna di prcHSic ;ntis ) 1 

Yak { P'ji phagiin gninntenn) 5 

Amernan bison (Ri.soa hrs-oa i 18 


PrRI SSODA/'T^ lA. 

r>razilian tapir {Tapinis te/nsO/.si_ 2 

Mongolian horsi^ {Pquus prztwal- 

skii I 1 

<lrant's zebra {J.'qutts hnrvhdU 

(panti) _ 1 

Grevy's zelua d'quus art np^ 2 

Zel)ra-hoi’ce hybrid \JAjiiiis grn in- 

ra/)a[?u.S) 1 

Zebra-a''S Inbrid iPquus gn rgi Uf^i- 

nud 1 

I'KoUdsi 11 >UA. 

Abv'N»!iman elepliarit i Lo.ntdn}itfi afn- 

iana (tcLUoti.s) __ __ 1 


BIRDS, 


RATIT,!:. 

South Afrlrau o-^tinh i>-trtifhin aus- 
1 rails ) 

Somaliland O'^nK-h {Xtiuthdi mnhpi- 

dvphanf'i) 

Rh(-a (/i//< a am< > u ana i 

Emu {Droinicciun mna Jidlandia ) 

i I( OAIFOliMES 

Amerienn whit(* pelican {Pt Iccanitn 

n i/throrhipichos i 

Europe. in white peli<an (Pihranus 

(niocrotahis) 

Eos< 'ate ptdi'.in { Pi ha anus roscud- 
Au^tralian pelican i Pth canun api- 

spicillatns » 

Brown pelican {Pfhcaaus otmdo/- 

talis) 

Florhia corm<*rant {Phalncracariix 
am it US Jloridanti8) 


i Great blue heron l Ardea //O’odiVfc). 
Snuwc' egi(*t iPgrrtta ('audidis'-nma ) _ 
Bia< k-( rowned niglit luMon (A ///*//- 

4 cut ax n\frf\(‘(nax na i iiis \ 

Boafl'ill {Poidilftirms Ci>chlcniius) __ 
^ j White ''link n'lcattta iiiattia\_ 

2 t Tda< k stoi'k D'b'eoa/a nu/MM_ 

2 i Sti'an-iiei ki‘d ibiv {('arphthis sptm- 

\ I'dhn . __ 

! Sa<red ibis ( Tim nkiu/ ais tdhiupi- 

j c»«) 

I White ibi< diuata . 

9 j Sf.irh't ibis {(’iipira n(hra\__ __ 

Rovi.itc >pooTibill {Ajaut a fa /<! ] 

2 Eiimpe.Ht tlainingo iVlia nn‘oftti ms 
2 rosu/.'') 

I 

2 AA8Llsli- eUM KS. 

3 Bbo k-ne( kr>d stioainer i G/, f7a»a tor- 

qnnta t 

IS 1 Mai la id (Anav phi ( if t ham has ) 


1 

20 

1 


11 


1 


1 

17 
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East Indian black duck (Ana^ 

platyrhi/ncho.s var) 

Black duck (Anas ruhripcs) 

Gadwall {Chaitlelasmus f'perus) 

Baldputc (Mareca amcricana) 

Green-winged teal ( yettioti carolir 

nense) 

Blue-winged teal (Qaerquedula dis- 

cors) 

Cinnamon teal iQurrqiiediila cyan- 

optero) 

Ruddy sheldrake {Casoara ferru- 

gmea) 

Pintail {Da/ila acuta) 

Wood duck (Aix sponsa) 

Mandarin duik {Dendronessa gale- 

riculata) 

Canvasba<k (Marila ralitfineria) 

Redhead {Mania america7ia) . 

Lesser scaup duck {Marila affinis)^ 
Ring-necked duck {Marila collaris)^ 
Rosy-billed pochard {Mctopiana pe- 

posaea) 

Snow goose (Chen hypet'hot'cus) 

Greater snow goose (Chen hypcc- 

1)or€U8 niioliff) 

Blue goose (Chen cantlescens) 

Ross's goose (Chen rosMt) 

White-fronted goose (Anset' albi- 

fro 718 ( 

American white-fronted goose (Aa- 

ser albifrons gambeli) 

Toulouse goose {A?jscr cincrits do- 

mcfiticus > 

Bar-headed gnose (Aascr indirus) 

Canada goose (Branta canadensis - 1 __ 
Ilutchin’s goose {Branta canadoisis 

hutchhisii) 

Cackling goose (Bf'anta conadeiusis 

tninirna) 

Brant (Branta hcrjiicla glaucogas- 

tm) 

Barnacle goose {Branta leucopBis) _ 
Upland goose (Chloephaga leiicop- 

tet'a) 

Spur-winged goose {Plectrupterits 

gambensU) 

Cape Barren goose {Ctt'eopBia no- 

vahoJlandia) 

Wandering tree <luek i Dendroeyona 

arcunta ) 

White-fa<ed tree duck { Dcndrocygna 

riduatn) 

M ute s wa n ( Cygn u s gihhu8\ 

Whistling swan { Olor cohimbianus) _ 
Trumpeter swan (OZor bucoinatoi ) ^ 
Black swan (Chenopis atrata) 

PALrOXI FORMES. 

South American condor (Viiltur 

gtyphus) 

California < ondor {Oymnogap'< eati- 

furni(inu8\ 

Turkey vulture (Cathart* 8 nu7a\ 

Bla<‘k vulture (Voragup^ untbu) 

King vulture (tSarconunphits papa). 


Secretary bird (i^agittarius sepenta- 
4 rius) 

8 Griffon vulture ((typB fair uni 

2 Cinerous vulture {Acgypius mona- 

7 CliltB) 

Caraoara (Polyburiis cheriway) 

9 CrowiH'd hawk eagh' ( i^pizaetun cor- 

onatns) 

7 W«'dge-tailed eagle (Ut'oaetus au- 

doj) 

1 Golden eagle {Aqiiila chrysaetoB) 

Bald eagle {llahaatus Icitrocepha- 

1 Zmv I 

8 Alaskan bald eagle (Ifalicretus Irnco- 

13 cephahts- alascaniis) 

Sparrow hawk (F<ilrn sparveriiis) 

23 Ferruginous rough-leg (Ardiibuteo 

2 frrruginciis) 

7 Red-tahed hawk iButro bot't aliin 

(> Swainson’s hawk (Buteo 8'wainsoui) - 
1 

OAr.LIPORMES. 

1 

3 Mexican curassow fC/v/j* globiccra) - 
Panbenton's curassow {Crax dauboi- 

2 tom ) 

G Domestic turki'y {Mcleag}is gallo- 

1 pa ro) 

Wild turkey i Melragris galloparo sU- 

4 ir^tris) 

Peafowl (Pare^ cristatU8\ 

1 Pea('ork pheasant (Poly plat t'on bi- 

calearatifm > 

2 Silver phf^asant {OennaiiB nycthe- 

2 meriis) 

IS Lady Ainiu'rst's pheasant (f'h) ysolo- 
phus amhcrstia) 

3 Golden pheasant {Chrysolophus pic- 

tll8 ) 

2 Bnbwhite (CoJiniis virr/itiinnus) 

S( aled quail { Callipepln sqiiamata) _ 
G Ga mini's quail {Lophotiyx gam- 

4 belUi) ^ 

Valley ipniil (Lt^phortyx calif ornica 

1 vallicola) 

1 CRriFORMPS. 

1 American coot IFuhca amrncayia) 

South Island weka rail {Ocydromua 

2 a astral 18 } 

Shert-wiiigi'd weka iOcydromus bra- 

3 ehypteriiB] 

4 Earl’s weka (Ocydt'omus carli) 

3 Whooping crane (Gras* amerirnna) 

2 Sandhill erane {Gras mfxteana) 

3 White-necked crane (frru8 Icucauc- 

hen) 

Indian white crane (Grun Icucoge- 

ranus) 

Lil ford's {‘lam^ iOriis lilfordi) 

1 Australian crane (Grits ruhicunda) _ 
Demoiselle crane (Anthropoidea 

3 > irao ) 

4 Oitwned crane (Belearica paro- 

2 nutfi) 

2 Cariama (Cariuma cristuta) 


1 

2 

2 

3 

1 

0 
2 

15 

1 

0 

1 
1 
1 

2 

1 

0 

2 

30 

1 
1 
1 

4 

0 

G 

5 

1 

15 

3 

0 

1 
1 
3 

1 

1 

3 

1 


2 

1 
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CHARADRIIPORMES. 


Great black-backed gull [Larus ma- 

rinus) 1 

Ilt-rring gull {Larus arurntatus) 1 

Laughing gull (Jjarus (itricilla\ 2 

AustraHan t rested pig<*on iOcyphups 

hiphijtes) 5 

Wonga-wniiga pig«‘(m (Liucosarcta 

picata) 10 

Sp<-ckled pigeou {Colutnba phuo- 

not a) 1 

{^iiow pigeon {CoUimhu leiicnnota) _ 2 

White-crowned pigeon {Fataiju£nas 

leucocephala) 1 

liund-tailed pigeon (C/i/on/«as‘ fuf,- 

data) 4 

R< d-billed pigeon iChloranas paii- 

rodris) 3 

White-winged dove (Mdopflia usi- 

atica) 1 

Mourning dove {Zemiidura jnurro- 

nra) 5 

Zebra dove (Geopeha driata) 13 

<’ape masked dov<* {Of na vaprn.sU) _ 1 

Tnca dove { S( (fnlaft lla incn) 3 

RIue-hea<led quail dove {Stfirnanus 

cyanoci phala) 1 

Ringed turtie-dove {Strt ptopt Jia ri- 

isoria) 12 


CUCrLIFOKMES. 


White-crested toiiraco (Turacus co- 

rythai^) 1 

Grass paroquet {MdopsittacUis uti~ 

dulatus 2 

Rlack-tailed pa^roquet iPolytelis 

melanufa) 1 

Banded paroquet {Pulwornis fu'-ci- 

ata) 1 

Lesser vasa parrot {Coravopsis ni- 

gra) 1 

Gray parrot {Pdttarus trithacits)^ 2 

Haitian paroquet {Aratinga vhlo- 

r opt era) 1 

Blue-wiuued x>arrotlet {Pi>it taenia 

passtrina) 1 

Gnban parrot {Amazona lcuf<i- 

cephahi) 3 

V< lIow-should<*red parrot 

harhadends) 1 

F< stive parrot (Arnazona ft ^tira) __ 1 

White-fronted parrot (Amazona al- 

hifrttns) 1 

Orange-winged parrot {Amu zona 

amazonica) 1 

Santo Domingo parrot (Amazona 

rentralis) 2 

Yellow-head(‘d parrot {Amazona oc^- 

rocephala) 5 

Yellow-napcd parrot (Amazona au- 

ro pall kit a) 2 

Double yellow-head parrot (Ama- 
zona aratri^) 7 

Yellow-cheeked parrot (Amazona an- 

tumnalis) 1 


Piaiu -CO lured parrot (Amazona fari- 


nosa inoniata) 1 

Quaker parrot {Myktpsitta mo- 

nuchu.s) 1 

Thick-billed parrot (Rhynf hop.sitta 

pachrhyncha) 2 

Brazilian macaw (Ara strvra) 1 

Red-and-blue macaw (Ara chlorop- 

tcra) 2 

Red-and-blue-aiid-yellow macaw (A/’O. 

macao) 7 

Blue-and-yelluw macaw (Ara ara- 

ruuna) 1 

Sulphur-crested cockatoo (Cacatoes 

(julerita) 2 

Great red-i restc'd cockatoo (Caca- 

to pft m o I urc’Cn -sis) 1 

White cockatoo iCuiators alba) 3 

Lcadbc'ater’s cockatoo (Cacatoes lead- 

htatcri) 1 

Baie-eyed cockatoo (Cacatoes gym- 

nopsis \ 3 

Ko-eate cockatoo (Cacatoes roseica- 

piUti) 12 

Kea {Xestor notahUis) (5 


rORACIIFORMES. 

Giant kingfisher (Dacrlo yhja^) 2 

Cuncuve-casqued horubill {Dichoceros 

bicorafs) 1 

Barred owd (Striz varia) 

Screech owl {Otus asio) 

Grc^at horn»‘d owl {Bubo mryini- 

ftniis) 

W'estern horned owl {Bubo viryini- 


antis palli ictHii) 1 

PASSERIFORMES. 

Red billed hill-tit (Liothrijr luteiis)^ 7 

Australian gray jumper {Struthidea 

dnerea) 1 

Green jay ( A''a»f7joan/ Inxu o^a) 7 

Australian crow (Corner roronoides) 1 

European raven (Corrws corax) 1 

Malabar starling ( Spodiop.sar mala- 

ha riciis) 1 

Xapoleau weaver {Pyromelana a fra) 2 

Crimson-crowned weaver {Pyrome- 
lana pnmniaci ps) 1 

Madagasi ar weaver {Foiidia mada- 

ifa-scarimds) 4 

Paradise weaver (^teganura para- 

disea ) 2 

Cut-throat finch {Amadina fasciata) 1 

Zebra liiK h { Tuoiiopfona eastanotis) 7 

Black-faced Gouldian finch (Poephila 

gouldirr) d 

Red-faced Gouldian finch {Poephila 

7tiirahiJts( 3 

Strawberry finch (Amandara atnan- 

dara) 12 

Black-headed finch (Munki utri- 

capilla) 4 

Nutmeg finch (Hiinia piinctularia) 13 

Java finch (Munia oryzirora^ 11 


CO CO 



76 


ANXUaL REPOET SMITHSONIA^r IXSTITUTIOX, lOlS. 


White Java finch {Munia onjznora)- 
Vera Cruz rod- wing {Afjohiius phcrni- 

ceu-^ richmo mh) 

Song sparrow {MrJot^piza nn hjdia)^^ 

Tree sparrow (iSplzcUa mf^nticold) 

White-throated sparrow {Zonotnrhia 
alhit’ijUi'i) 


Crocodile iCrocodylus acutu'^) 

Alligator {Alligator mi6‘^sjss<piV?r9i,s) _ 
Mena Lsland iyninna {Ci^clunt fdrjur- 

f/eri) 

Gila monster { Helodprma su'^pet'- 

tum) 

Elue-tougucd lizard {Tiliqiia t^an- 

coides > 

Rock python {Python moluru)>) 

Diamond python {Python spilotes) 

Anaconda {Eunectes murinim) 

Boa eon>trictor {Constrictor con- 
strictor) 

STATEMENT 


4 Saffron finch (Nieoii-s* pai (oJn) 

Canary (i^crinu.s vanariiis) 

2 Groen singing hnch {Sto'inu.s t(tmt'>) 

3 European ( hatiinc li { Printfilla calch->) 

1 Kt‘d-erested cardinal {Pnronrid m- 

oullatn) 

1 Cardinal iCoi Ohmlis cnrdinalis) 

RE1‘TILES 

1 Water ssnako (Xatrijc <^ipcc7on) 

31 Coach-wliip snake {Coluhtr paycl- 

lum) 

1 Chicken snake {Elaphe qitndrii it- 

t(ita) 

d Slug-catiiig snake {Prtnhninalhu'< 

Hf.biiUitus) 

1 Duncan Island tortoi-^e {Tc^tinlo 

3 cphippiuni) 

1 Albemarle Island toitoise {Tt^tado 

2 ineina) 

4 

(W THE COLLECTION. 


9 

3 
2 

4 

2 

1 

0 

1 

1 

1 

1 


ACLEteblONS iM'UIXG THi: YEAR. 


Presented : 

Mammals 14 

Birds 50 

Reptiles^ 80 

— — KCi 

Bora and hat died in the National 
Zoological Park: 

Mammals G3 

Birds 45 

— - loS 

Iteeeived in exchange: 

Mammals 11 

Birds 25 

Reptiles G 

42 

Purcliased : 

Mammals 13 

Birds ld4 

Reptiles 1 

— US 


Traiislerred from other Coverii- 
nient departments : 

Mammals 8 

Birds 2 

10 

Captured in Naiimial Zoological 


Park : 

^lammals 

Birds 5 

Reptiles 1 

p 

I leposited : 

^Mammals 3 

Birds 0 

Reptiles 0 

IS 

Total accessions 4US 


SIAIMAUY. 


Animals on hand July 1, DIT L 223 

Accessions during the year 

1,C31 

Deduct loss (hy exchange, doatli, and rertiiai of animals on deposit ) 3S4 


Auinuds on hand June 30. 101S._ 
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1 Species, : 

1 

1 ln(li\id- 
! Uals. 





149 , 

4S3 

Biid^ 



... . 19U i 


liepliles 



15 ! 

58 


Total 354 ' 1,247 


VISITORS. 

All records for tlic number'^ of visitors to the park have l)een ex- 
ceeded during the past year. The total number of people admitted 
to the grounds, as determined by count and estimate, was 1,598,227, 
a daily average of -1,805. The greatest number in any one month aatxs 
202,798 in March, 1918, an ax^erage per day of 0.512. The attendance 
by months Avas as folloAvs : 

In 1917: July, 70.100; August, 157,700: September, 195,850; Octo- 
ber, 175.850; Xovember, 158,000: December, 70,850. In 1918: Janu- 
ary, 85,850: February, 50,800; IMarch, 202,798; April, 189,981; May, 
187,300; June, 187.000. 

These numbers exceed the attendam^e records for last year by 180,- 
127, and are 180,117 over the attendance for 1910 — the record year 
up to that time. Heretofore there has usually been a falling off in 
the number of visitors during the heat of summer: but, Avith the 
population of Washington so increased hy war workers, the attend- 
ance throughout the pa^t heated season has hardly diminished from 
that of spring and autumn. 

The great increase in the number of A'isitors to the park in the 
jiast three years is graphically dioAvn in the following statement of 
attendance records for tlu‘ last 10 years: 

r;04. G80 

IGlO _ Till, 

mil __ __ . niii, 440 

nn2_ r.42,T8s 

_ — — o-O 

1-H4_ — — - — __ ^ i.jG, 2< 1 

1015 - 701,580 

lOlG 1,157,110 

1017 . _ 1,1U(>. sOO 

1018 1,508,227 

Seventy-eight schools and daises \ isited the paih in 191S, with a 
total of 4,945 individual-. 


IMPliO\'EMI':X4S. 

Owing to a lack of sutticienl fuiuK for any substantial improve- 
ments, only minor repairs or additions were made during the Axar 
to the buildings and eipiipment of the park. New boiler tubes and 
some other fittings in the central heating plant xvere provided at a 
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cost of about $800. The restaurant building was repaired, the kitchen 
enlarged, and new counters provided. The old slippery and badly 
worn pavement was removed from the large elephant house and was 
replaced with a floor of concrete. The old and smaller elephant house 
was fitted up for winter quaifers for certain of the waterfowl. Much- 
needed repairs were made to the lion-house roof, the western half of 
the north extension and the adjoining poilion of the main roof were 
covered with new paroid-felt roofing, and a ventilator was placed in 
the main building over the public space. Minor repairs were also 
made to the bird house, the antelope house, and the Henderson out- 
door parrot cage. 

A large concrete bathing pool was constructed in the yak’s in- 
closure and the tanks in the bear yards were all repaired. The 
fences of the bear yards, antelope yards, and some others of the out- 
door cages and inclosures were painted. An outdoor cage 16 feet 
square, with shelter attached, was constructed for the kea parrots re- 
ceived as a gift from the New Zealand Government. The indoor 
chimpanzee quarters, in the lion house, were reconstructed with 
gratings of three-fourths inch iron pipe, which in*ovide a much 
better hold for the animal’s hands and feet than did the old three- 
eighths inch bars. Concrete walls and bases for shelter houses were 
built at some of the deer paddocks, the cinder footpaths were ex- 
tensively repaired, and a concrete walk and stairway was built lead- 
ing up the west hill side from the suspension bridge and connecting 
with the walk around the eland yards. Part of the stable building 
near the office was rebuilt for a chicken house and, in a further 
effort to lessen the cost of food for animals, the garden aci^eage 
was again materially increased. 

THE FLORA OF THE PARK. 

In addition to an extensive native flora, the park contains many 
exotic trees and shrubs. It is important that records be kept 
of all introductions. During the past year Mr. 'William Hunter, 
gardener, who has been in the service since the inception of the park, 
has prepared an annotated list of all the trees and shrubs found 
gi'owing within the boundary fence. The list has been copied on 
cards for filing, and will be carefully edited and revised during the 
present season. Information is given as to the abundance and loca- 
tion of native species and, in the case of exotics, the source, date 
of introduction, location, or any additional information likely to be 
needed for future reference. Efforts will be made to secure speci- 
mens of trees properly belonging to the flora of the District of 
Golumbia and not represented in the park, in order that all the 
native species may be found within this reserve. A similar list of 
herbaceoii.s plants, prepared several years ago, will be brought up 
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to date, thus furnishing a complete catalogue of the flora of the park, 
which, it is to be hoped, may later be published in some form as part 
of a guide to the natural features of the park. Lists of the native 
mammals, birds, and reptiles of the park, with pertinent data, are 
also in preparation for some similar purpose. 

ALTERATTOX OF THE WESTERN BOUNDARY. 

By an act ajiproved June 23, 1913, Congress appropriated $107,200 
for the purchase of certain lots and parcels of land between the Tvest- 
ern boundary of the National Zoological Park and Connecticut Ave- 
nue, from Cathedral Avenue to Klingle Road, this land, together 
with the included highways, to become a part of the park. The ap- 
propriation was not a continuing one and lapsed at the end of one 
year, before legal proceedings for the purchase were completed. 
Items for the reappropriation of this sum and for the additional 
amount necessary to meet the figures fixed by the court in proceed- 
ings of condemnation have since been submitted to Congi’ess in the 
estimates each year, but have not been favorably considered. 

The principal entrance to the park will always be from Connecti- 
cut Avenue, and the importance of a frontage on that thoroughfare 
at and bordering the gate can not be overestimated. The necessary 
land should be acquired before it is too late, in order that when the 
time comes a dignified entrance gate can be constructed and the near- 
by land controlled by the park authorities. 

IMPORTANT NEEDS. 

hridle pafhs^ and aufoinohde parl'hig , — As mentioned in 
the report for last year, the quCvStion of providing space for the 
parking of automobiles near the main buildings is serious. The 
enormous increase in the number of cars visiting the park makes it 
difficult to care for the safety of the public without adequate park- 
ing space. More than 4,500 automobiles sometimes pass through 
the park in a single day, and many of the large sight-seeing cars 
i-egularly visit the Zoo. During the coming year it will be neces- 
sary to make extensive repairs to roads and walks, and some change 
should be made in the bridle path in order that riders would not 
be forced to use the bridge and main road from the Harvard Street 
gate to the crossroads. 

Grading and -piling , — As soon as practicable the work of grading 
and filling, commenced two years ago but discontinued for lack of 
funds, should be completed. As left, it makes an unsightly and 
unfinished-looking place in one of the most conspicuous points in 
the park bordering the main road. The further cutting away of 
the irregular hill in the center of the western part of the park and 
the filling in of the near-by ravine will level nearly 70,000 sijuare 
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feet of ground which is now of little use and make available a 
further 25,000 square feet of ground at the ravine. This will elimi- 
nate a dangerous curve in the automobile road. 

Repair 8 to antelope hou8e. — Practically the whole west side of the 
antelope house needs reconstruction. The building is over 20 years 
old and the timbers and other woodwork on the west side are almost 
beyond repair. AVhen the work is undertaken the walls should be 
fixed properly with concrete and the cages considerably enlarged. 
It is estimated that an expenditure of about $2,000 will be necessary 
to put this building in good condition. 

Adani8 Mill Road grade and stairway, — The work of grading 
Adams Mill Road between Clydesdale Place and Harvard Street, 
recently commenced l>y the District, will jnake necessary some ex- 
penditure on the part of the park to care for the resulting fill above 
the stairway and walk leading into the park from the Adams Mill 
Road gates. At present it is impossible to estimate the exact amount 
of work that will be needed, but it is probable that a new bridge 
and walk will have to be built at one point, with a substantial re- 
taining wall at the base of the fill for tlie safety of the public. A 
very narrow strip of land between Adams Mill Road and the park, 
from Clydesdale Place to Ontario Road, still in private ownership, 
should be added to the park for the protection of tliis point. 

Additional Jalce for waterfawL — Exhibits of waterfowl are among 
the most popular and instructive features of the park. An additional 
lake, to be used for the birds in summer and for skating in winter, 
could be built at comparatively small expense on the open flat near 
the Harvard Street entrance. 

Aciary huRding, — The need of a new house for the exhibition of 
Inrds has been felt for some years and is becoming more pressin<r 
because of the greatly increased numbers of visitors now cared for 
in the park. Such a building should be provided with commodious 
public space. The aisles in the old bird house are far too narrow 
for the crowds of the present day, and the exhibition of birds, 
iuiportaiit and valuable as it is, can not be properly displayed. 

Reptih h(/U8c. — A public exhil)ition l)uil<ling, properly constructed 
and equipped for the display of reptiles and amphibians, would be 
greatly appreciated by visitors. The small collection of reptiles now 
kept in inadequate and wholly unsuited (juarters in the lion house 
is very popular. The reptile house should be planned to show in 
natural environment the various types of reptiles of economic im- 
}>ortance, those sought and used for food, and those feared by man 
in many countries. The educational value of Mich a building could 
be developed to a point of great importance. 

^ 0,itdoor qwirfvi'x for //«//>■.— Many si'ceies of niaiiunuls. e.^pe- 

cially some of the larger carni\'ore.s, now kept in cages in heated 
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buildings, could be much better shown and more pleasantly and 
healthfully located in outdoor quarters with warm but unheated 
shelters. A large African lion, kept in the park for two winters 
without artificial heat, has shown marked improvement from such 
treatment. Such provision should be made for the exhibition of 
certain of the lions, the Siberian tigers, and other mammals. Out- 
door cages, adjoining the winter quarters, should be constructed on 
the east side of the lion house for the leopards, jaguars, and hyenas. 
The unsightly row of cage^ along the crest of the hill north of the 
bird house should be replaced by new sanitary yards with comfort- 
able but unhcated retiring (piarters attached. 

Owing to the great increase in the number of people who take 
advantage of the recreational and educational features of the park, 
the necessity for a substantial increase in the approiiriation for 
regular maintenance expenses is apparent. For the safety and com- 
fort of the public the number of policemen, attendants, keepers, and 
caretakers must be augmented, as the force now maintained is not 
greater than was considered neces^^ary when the attendance was 
barely half its present figures. 

Eespcct fully submitted. 

X. Hollister, Supenntendent. 

Dr. Charles D. AYalcott, 

!^ecrctary Smithsonkin Imtifution. 

^Wv^h'nujtoii^ />. C. 



APPENDIX 5. 

REPORT ON THE ASTROPHYSICAL OBSERVATORY. 


SiK : The Astrophysical Observatory was conducted under the fol- 
lowing passage of the sundry civil act approved June 12, 1917: 

Astrophysical Observatory: For maintenance of Astrophysical Observatory, 
under the direction of the Smithsonian Institution, includin^^ assistants, pur- 
chase of necessary books and periodicals, apparatus, making necessary observa- 
tions in high altitudes, repairs and alterations of buildings, and miscellaneous 
expenses, $13,000. 

For observation of the total eclipse of the sun of June eighth, nineteen hun- 
dred and eighteen, including purchase of necessary apparatus and supplies, 
transportation of equipment to and from observing station, hire of temporary 
assistance, transportation and subsistence of observers, and miscellaneous 
expenses, $2,000. 

The observatory occupies a number of frame structures within an 
inclosure of about 16,000 square feet south of the Smithsonian Ad- 
ministration Building at Washington, and also a cement observing 
station and frame cottage for observers on a plot of 10,000 square 
feet, leased from the Carnegie Solar Observatory on Mount Wilson, 
Cal. 

Its equipment comprises special optical, electrical, and other appa- 
ratus adapted to measure radiation of the sun, the sky, and terrestrial 
sources. Much of the apparatus has been built at the observatory 
instrument shop on the Smithsonian grounds in Washington ac- 
cording to designs of the director. The instrument maker, Mr. A. 
Kramer, has been employed by the observator}^ nearly 30 years 
in this experimental construction work, and his experience and 
skill, added to his natural ability, render him invaluable. New 
designs are continually being worked out as new experiments are 
being made. 

The present value of the buildings and equipment is estimated at 
$50,000. This estimate contemplates the cost required to replace 
the outfit for the purposes of tlie investigations. Owing to the 
highly specialized character of the apparatus no such value could be 
obtained at public sale. 


WORK OF THE YEAR. 

At Washington.— As heretofore the work of measuring and com- 
puting from the records obtained in the field on Mount Wilson has 
82 
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gone on steadily in charge of Mr. F. E. Fo^yle, aided by Miss F. A. 
Graves, computer, and Mr. E. Eisinger, messenger. 

Mr. Fowle completed and published^ his investigation of the ab- 
sorption of long wave rays by long columns of air containing known 
quantities of water- vapor. His results give the relations between ab- 
sorption and atmospheric humidity, wave-length by wave-length, 
from the visible spectrum down to waves of more than 20 times the 
maximum visible wave-length, and for quantities of water ranging 
from to three times that which prevails in the vertical thick- 
ness of the atmosphere above Washington in clear spring weather. 
Many difficulties which were met required tedious subsidiary investi- 
gations which are described in the paper. 

Notwithstanding the greatness of this contribution to meteorologi- 
cal science the subject of the relations of water- vapor and terres- 
trial radiation demands yet more investigation adapted to cover the 
range of wave-lengths from 16 microns to 50 microns, where Mr. 
Fowle was forced to give over the investigation temporarily, because 
no substance suitable to make a prism for forming the spectrum of 
these rays was known. 

Mr. Aldrich has since investigated at the observatory a great num- 
ber of natural crystalline and other substances, including many pure 
chemical preparations. None was found appreciably more trans- 
parent than rock salt, which was used by Mr. Fowle, except potassium 
iodide. Apparently this substance, if it could be procured in large 
crystals, or fused into a noncr^^stalline structure, would be suitable 
to carry the work to much longer wave-lengths. Efforts have been 
made, as yet unsuccessfully, to procure blocks of this substance of 
suitable proportions and inner structure for making large prisms. 

Mr. Aldrich has carried on a number of investigations on the ab- 
sorption and reflection of atmospheric-water-vapor, liquid water, 
lampblack, gelatin, and other substances to ra^ s emitted by a black- 
ened reservoir filled with boiling water. In these experiments he 
has employed rock salt transmission plates to roughly separate the 
total radiation into two parts, whose wave-lengths are respectively 
greater and less than about 20 microns, where rock salt ceases to be 
transparent. The results on water- vapor agree well with what Mr. 
Fowle’s spectrum work would tend to indicate. They also show 
that an atmospheric layer about 50 meters deep, containing vrater-. 
vapor equal to 0.05 centimeters of precipitable water, would probably 
absorb all the rays sent out by the 100^ C. radiator which are non- 
transmissible to rock salt, that is above the wave-length 20 microns. 
This is in harmony with observations of the sun and of nocturnal 
radiation made by Mr. Aldrich on Mount Wilson, to which reference 

^ Water Vapor Transpar(>ncy to Jjow-teuiperature Radiation. Smiths, Misc. Coll., Vol. 
68, No. 8, 1917. 
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will be made below. The results on liquid water show it to be com- 
pletely opaque in layers of 1 centimeter or more thickness to all rays 
of the above described 100° C. radiation. The reflecting power of 
water surfaces to these rays varies with the angle of incidence as fol- 


lows : 

Incidence 0 ° IJO"’ 55° 70° 72 ° 

Reflection 0/0 2 3 7 lo 17 22 


From this it follows that though perfectly opaque in Itiyers ex- 
ceeding 1 cm. thickness, water is not a perfect absorber or a i)er- 
fect radiator for long-wave rays. It may be regarded us emitting 
about 90 per cent as much radiation as the perfect radiator at 
temperatures from 0° to 100° C. 

Lampblack paint proved partially transparent and partially re- 
flecting. Further experiments are required before publishing defi- 
nite results, but evidently those who employ lampblacked surfaces 
in experiments with long-wave rays should consider these imperfec- 
tions of radiating and absorbing power. 

An investigation was made on possible regularities of periodicity 
in the short-interval variability of the sun^ observed at our Mount 
Wilson station. Dr. H. H. Clayton had made such an investigation 
for the year 1913 and found indistinct tendencies toward a repetition 
of ‘‘solar constant"' conditions after intervals of 12 and 22 days. 
Computations were made here to extend the investigation to the other 
years from 1908 to 1916, excepting 1912. 

Well marked relatively hot and cold hemispheres of the sun seem 
to have prevailed for several months in 1915, giving a “solar con- 
stant ” periodicity of about 27 days. In 1916 an extraordinaiw 
regular periodicity of 3] days seemed to be indicated. In other 
years tendencies to periodicities of other intervals were found, and 
generally more marked than in 1913, but not as prominentlv seen 
as in 1915 and 1916. On the whole the irregularity of period of the 
fluctuations of solar radiation would seem to be the most outstanding 
result of the inquiry. 

In accordance with the wish expressed by Secretary Walcott, the 
facilities of the observatory have been employed whenever possible 
to assist in military investigations. This is not the time to detail 
the results of this effort further than to say that a large part of the 
work of the director and of Mr. Aldrich has been devoted to several 
such investigations, and Avith highly appreciated results. Xaturally 
this has diminished the astrophysical output of the observatory. 

Chilfan cxpedlfion . — Preparations and arrangements for a South 
American solar-radiation expedition occupied much of the time of 
the director and that of the instrument maker. As stated in last 

^ On INTiodicitT in Solar A^ariation. Smiths. Mise. Coll., A'ul. CO, Xt,. c, ms 
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year’s report, a proposed expedition mider the auspices of the Hodg- 
kins fund to observe the solar radiation in the most cloudless region 
of Chile was temporarily postponed on account of the entry of the 
United States into war, and the expedition was diverted for a time to 
Hump Mountain in western North Carolina. Observations of the 
solar constant of radiation were made there, when weather permitted, 
until March, 1918. By that time it had grown to be certain that the 
site was too cloudy for the work, and, notwithstanding grave difficul- 
ties brought about by the war, the expedition was sent to Chile as 
originally proposed. 

Director A. F. Moore and Assistant L. H. Abbot landed at Anto- 
fagasta, Chile, on June 16, 1918, with a large equipment of apparatus 
and supplies suitable to the investigation. They were greatly aided 
by the governor of the Province, the United States consul, and others, 
and the Chile Exploration Co. generously gave them the use of build- 
ings and other valuable facilities at their disused mine at Chorillos, 
near Calama. Calama is a station on the railroad east of the nitrate 
desert, on the bank of the Eiver Loa, at latitude N. 22° 28', longitude 
W. 68° 56', altitude 2,250 meters. Manuscript of daily meteorologi- 
cal records of two years, most kindly copied by Dr. Walter Knoche, 
former director of the Chilean Meteorological Service, lead us to hope 
for as many as 300 days per year favorable to solar-constant work 
there. The experiments are to be continued daily, as far as possible, 
for several years. They should furnish meteorologists with a firm 
basis for estimating the effects of the solar variability on the terres- 
trial climate. 

TOTAL SOLAR ECLIPSE. 

Owing to the pressure of military investigations our preparations 
for observing the total solar eclipse of June 8, 1918, were not exten- 
sive. The observations proposed were confined to observing the 
eclipse phenomena visually, photographing the solar corona, and de- 
termining the sun and sky radiation during the partial phase, and 
the “ nocturnal ” radiation during the total phase by means of the 
pyranometer. 

Necessary apparatus was prepared at the observatory shop. It 
comprised parts for two 11-foot focus cameras, each of 3 inches aper- 
ture with equatorial mounting and driving clockwork, and two pyra- 
nometers. The observations were in charge of Mr. L. B. Aldrich, 
who was assisted by Mr. A. Kramer and by Rev. Clarence Woodman, 
a volunteer observer who had aided us in 1900. 

The station selected was near Lakin, Kans., not because it was the 
most favorable, but because the more favorable parts of the eclipse 
track farther west would be occupied, it was known, by many eclipse 
parties, so that the chances of having clear weather at some station 
136650°— 20 7 
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were materially increased by the choice of one so far east as Kansas. 
Magnetic observers sent out by Dr. Bauer were also at Lakin, and, 
being already on the ground, aided materially in establishing Mr. 
Aldrich’s party. 

The observers chose the site on Monday, June 3, and were hospitably 
entertained at the home of Mr. Pittenger, a rancher. The cameras 
were set up in a barn looking out westward through a slot cut away 
for the purpose. Unfortunately cloudy and rainy weather hindered 
the prex^arations and prevented the rating of the clock and the photo- 
graphic focusing of the lenses on the stars, so that the adjustment 
could be made but roughly. 

On eclix^se day, Saturday, June 8, no hope was felt of fair weather 
during the forenoon, but fortunately the sky became nearly free from 
clouds about 1 o’clock and continued so until after nightfall and dur- 
ing Sunday. All times of contact were observed by Pev. Fr. Wood- 
man, who also exx^osed the cameras, as follows : 


Latitude 

Longitude 

Contacts (Oreomvicli mean time) : 


First__ 

Second. 

Third- 

Fourth. 


37° 

101 


53' 04.2" N. 
17 51. 3 AV. 

II. m. s 

10 19 4S. 5 

11 27 15. 1 

11 2S 37.3 

12 29 45.4 


The observers regarded the ecdix^se as unexx^ectedl}- dark and the 
phenomenon as more than usually grand. 

Very good photographs of the corona were obtaineel, showing ex- 
tensions to about 3 diameters of the sun in some directions. Owin" 
to lack of opportunity to rate the clock there was some evidence of 
imperfect following. The negatives were developed, with the kind 
permission and advice of Director E. C. Pickering, by Mr. King at 
Harvard College Observator}\ 

Messrs. Aldrich and Kramer observed successfully throughout the 
afternoons and early night hours of June 8 and June 9 with the 
pyranometcr. The results obtained measure the gradual diminution 
of the radiation of the sun and of the brightness of the sky as the 
eclipse progressed, the outgoing radiation from the earth’s surface 
during totality, the gradual increase of sun and sky radiation after- 
wards, their decline toward sunset, and the outgoing radiation from 
the earth’s surface after nightfall. Xumerical values will be pub- 
lished later. 

5VORK AT :MOrXT 5VILSON. 


Mr. L. B. Aldrich occupied the IMount Wilson station until Octo- 
ber 11, 1917, and again after June 14, 1918. He continued the usual 
solar constant determinations and the determinations of the distribu- 
tion of radiation over the sun s disk. Two improvements were intro- 
duced in the apparatus. 
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The coelostat used in solar constant work was provided with stel- 
lite mirrors in place of silver on glass, so that now^ the optical train 
of the spectrobolometer for solar constant work contains exclusively 
nontarnishable mirrors. This allows us to compare as never before 
the distribution of radiation in the solar spectrum from day to day, 
We hope now to determine surely whether the variations of solar 
radiations are uniform over the whole spectrum or predominate in 
certain w^ave lengths. 

A specially designed vacuum bolometer like the one employed at 
Hump Mountain and in Chile and Avholly sealed in glass so as not 
ever to require attention to renew the vacuum has been substituted. 
This bolometer was constructed to exact specifications as to length, 
breadth, and thickness of strips in accordance Avith completely 
worked -out unpublished theory of the bolometer. We are sure that 
it is the last Avord on the subject as regards adaptability to our in- 
vestigation. All expected results are obtained in its actual use. 

The sky was more cloudy than usual on Mount Wilson both in 1917 
and 1918, during the time of our expeditions. In the winter, in 
Xovember, December, and January of 1917-18, the Carnegie Institu- 
tion observers reported unusually good Aveather for the season. 

Mr. Aldrich carried on in 1917 some investigations to determine 
Avhether long-AvaA e rays, not transmissible by rock salt (that is, ex- 
ceeding 20 microns in AvaA^e length), occur in the solar beam at the 
earth’s surface. The experiments indicated that they do not. He 
also inA’estigated the transmissibility of the atmosphere for rays of 
more than 20 microns in wuive length by means of the pyr a nometer 
with and Avithout a rock-salt cover. The experiments shoAved that 
even toward the zenith these rays are w holly cut off by the lower 
layers of the atmosphere. Hence Ave may conclude from both the 
solar and nocturnal observations that our atmosphere is opaque to 
rays exceeding 20 microns in wave length, such as are emitted in 
recognizable quantities by bodies at terrestrial or solar temperatures. 
This result is in harmony with Mr. Aldrich’s laboratory experiments 
above mentioned. 

In June, 1918, experiments were begun at Mount Wilson to deter- 
mine the distribution of solar radiation along that diameter of the 
solar image wdiich is at right angles to the east and Avest diameter 
inA^estigated in our usual tow^er telescope work. A special apparatus 
Avas arranged to sIoavIv rotate the second mirror of the coelostat, and 
thus produce a regular drift of the solar image along any desired 
diameter. Preliminary results obtained show that the differences, if 
any, betw^een the distribution of radiation along different solar di- 
ameters do not amount to 1 per cent. 
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PERSONNEL. 

K. Eisinger resigned from our service in June, 1918, and after 
service in the Treasury Department enlisted in the Army. 

SUMMARY. 

During the year covered by this report, great advance has been 
made in the study of very long wave-length rays and their truns- 
missibility in our atmosphere. Solar constant work at Mount Wil- 
son has been continued and improved. An expedition under the 
auspices of the Hodgkins Fund of the Smithsonian Institution, but 
equipped and directed from the Astrophysical Observatory, has ob- 
served the solar constant at Hump Mountain, N. C., and now is lo- 
cated for a term of years in exceptionally favorable circumstances at 
Calama, Chile. The total solar eclipse of June 8, 1918, was success- 
fully observed. The variability of the sun is shown to have vestiges 
of periodicity, though predominantly irregular. A great deal of 
attention has been given to war problems. 

Respectfully submitted. 

C. G. Abbot, 

Director Astrophysical Observatory. 

Dr. C. D. Walcott, 

Secretary Smithsonian Institution. 



APPENDIX 6. 


REPORT ON THE LIBRARY. 

Sir : I have the honor to submit the following report on the activi- 
ties of the library of the Smithsonian Institution during the fiscal 
year ended June 30, 1918 : 

Conditions abroad have curtailed exchanges to a great extent. 
Notwithstanding, a large number of foreign publications are being 
received regularly and the sets on file are up to date. Special atten- 
tion has been given to exchanges with South American countries, with 
very gratifying results, and the same can be said of the domestic 
exchanges. 

There were received during the year 27,212 packages, an increase 
of 2,920 over the year preceding. Of these, 26,230 were received by 
mail and 928 through the international exchanges. Correspondence 
connected therewith amounted to 1,087 letters and 2,725 acknowledg- 
ments on the regidar printed forms. 

SMITHSONIAN LIBRARY. 

Main library , — Publications for the Smithsonian Main Library, 
after entry on the records, are forwarded to the Smithsonian deposit 
in the Library of Congress. During the fiscal year 2,773 were acces- 
sioned, consisting of 2,369 complete volumes, 419 parts of volumes, 
954 pamphlets, and 88 charts. The accessions numbers were ex- 
tended from 527,151 to 529,924. 

The cataloguing included 3,331 volumes, 95 charts, and the addi- 
tion of 1,334 new titles; 1,925 volumes were recatalogued; 1,050 cards 
were typewritten, and 4,086 printed cards from the Library of Con- 
gress, for publications deposited by the Institution, were filed in the 
catalogue. In accordance with the established policy, the public 
documents presented to the Smithsonian Institution, numbering 
3,442, were transferred to the Library of Congress without stamping 
or recording. 

Dissertations were received from the Universities of Pennsylvania, 
Johns Hopkins, Konigsberg, Toulouse, Lund, and Breslau, and the 
technical schools of Dresden and Berlin. 

The securing of exchanges in return for Smithsonian publications 
and missing parts to complete sets has been continued. Two hundred 
and twenty want cards for series in the Smithsonian Di\dsion at the 
Library of Congress were considered, and 168 volumes and 389 parts 
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of volumes were secured. Xinety-eight w^ants were completed. Ac- 
tion on the 85 want cards received from the periodical division re- 
sulted in the securing of eight volumes and 240 parts of volumes. The 
order division obtained, in response to 19 cards, 19 volumes and 18 
parts of volumes. The total number of w^ants completed was 142. 

Office reference library , — The accessions for the office library, which 
includes the Astrophysical Observatory and the National Zoological 
Park, amounted to 555 publications, distributed as follows; Office 
library, 278 volumes and 164 pamphlets ; Astrophysical Observatory, 
58 volumes and 49 pamphlets and parts of volumes; National Zoolog- 
ical Park, 91 volumes and 1 pamphlet. 

Aeronaiitical library , — The importance and value of books relating 
to aeronautics has been manifested through their use by the student 
who has returned day after day to follow up a subject. There have 
been added during the year 128 volumes. The bibliography of aero- 
nautics, which I haA e had in preparation for the National Advisory 
Committee for Aeronautics, has been completed and, with the close 
of the year, it is ready for the printer. The appropriation for print- 
ing was approved just at the close of the year. 

Beading room ,^ — The frequent use of the reading room is especially 
worthy of note. There were in circulation 3,520 periodicals, an in- 
crease of 153 over the A^ear preceding. 

During the summer months the use of the library was extended 
to the soldiers who drill each day on the Mall. Adequate facilities 
for letter writing were pro\dded, and the room has been filled with 
soldiers daily during their rest periods. 

Employees^ library , — The number of volumes circulated in the 
employees’ library has increased to 33G. There has been practically 
no addition to the number of Amlumes, as the greater portion of the 
reading wants of employees can be supiilied througli the reading 
room and the war library of the Museum. 

NATIONAL MUSKUAI LICRARY. 

There has been one exceptional and important addition to the 
library of the United States National Museum, and that is a part 
of the botanical and horticultural publications brought together by 
the late Mr. George W. Vanderbilt on his estate at Biltmore. N. C. 
This collection formed the working library of the Biltmore Herbar- 
ium and was presented by Mrs. Vanderbilt. In 1916 the building 
on the Biltmore estate was inundated by a local flood which destroyed 
the larger part of the library, but fortunately many valuable xol- 
umes were saved. Some of these are distinct editions of Avorks not 
heretofore available. 

The museum received by transfer a collection of pharmaceutical 
works from the hygienic laboratory, May 15, 1918. This collection, 
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brought together by Dr. M. G. Hotter, the librarian, consists of 932 
Tolumes, 1*2 pamphlets, and 2,060 periodicals. 

The continued interest of Dr. William H. Dali in books for the 
sectional library of the division of mollusks has resulted in the 
further enriching of this collection by gift from him of 237 titles 
during the year. Other contributions to the library were received 
from Dr. Charles D. Walcott, Dr. O. P. Hay, Dr. C. W. Richmond^ 
Dr. W. H. Holmes, Mr. W. R. Maxon, Dr. G. C. Maynard, Mr. Wil- 
liam Palmer, Mr. J. M. Flint, Mr. G. S. Miller, jr., Mr. B. H. Swales, 
Dr. Ales Hrdlieka, Mr. J. P. McLean, and Mr. R. C. Paine. 

Accessions , — There were accessioned during the year 3,230 vol- 
umes, including 1,010 completed volumes of periodicals, 42 parts of 
volumes, and 1,529 pamphlets. The number of books in the library 
is now 137,00}^, consisting of 52.513 volumes, 12-1 manuscripts, and 
84,371 pamphlets. 

CatoJoguing. — The cataloguing covered 1,436 volumes, 48 pai’ts of 
volumes, and 1,938 pamphlets. Four thousand four hundred and 
twenty section cards were made. 

Loans . — Eleven thousand two hundred and thirty-seven books were 
loaned during the year, of which 2,658 were borrowed from the 
Library of Congress and 122 from other libraries. The number of 
books consulted in the reading room is estimated at 6,110. 

Bineling . — With the additions to the librarv^ from the Library of 
the Biltmore Herbarium and the collection of Avorks from the Hy- 
gienic Laboratory, the binding needs Iiuat^ become more acute, but 
CATrything is being done to relicA^e the situation in so far as the 
funds Avill alloAV. One thousand scatu hundred and six books Avere 
sent to the Government binder during the }ear, and 841 have been 
returned. 

T echnological scr/c.s.— Additions to the Technological Library, ex- 
clusive of duplicates, numbered 281 A olunies, 3,863 parts of volumes, 
454 pamphlets, and 4 maps. Periodicals entered on records and 
shelved number 35 volumes and 2,663 parts of volumes. Tavo hun- 
dred and thirty-one cards for books catalogued Avere filed in the li- 
brary's catalogue. In the scientific depository catalogue 1,880 author 
cards Avere filed and, to 3,762 additional canls, subject headings Averc 
added and filed, making a total addition to the catalogue of 5,642 
cards. 

Duplicates received number 28 volumes, 278 parts of Amlumes, and 
105 pamphlets. These Avere arranged and filed aa ith the collection of 
duplicates. 

The books and i^eriodicaL loaned during the year number 225 
volumes and 157 parts of volumes and pamphlets, making a total 
circulation of 382: 142 completed A^oluines of periodicals Avere sent 
to and returned from the bindery during the year. 
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Biltmore Herharmm , — Of the collection of 2,000 voliiines of works 
on botanical subjects, 404 titles and 37 files of periodicals have been 
checked and made ready for cataloguing and entry. Fifty of these 
volumes had not been represented before in any Washington library. 
They were accordingly catalogued in detail and it is expected that 
cards will be printed for them by the Library of Congress. 

Pluirmaceuticdl series . — The collection received by transfer from 
the Hygienic Laboratory numbered 932 volumes and 12 pamphlets. 
For these, 194 accession cards and 160 catalogue cards were made. 
There were catalogued 78 volumes and 5 pamphlets. Two thousand 
and sixty periodicals were entered and 324 cards written. 

Sectional libraries . — Sectional libraries have been created for the 
registrar’s oflSce and for the war library and the Division of Wood 
Technology. Following is a complete list of sectional libraries: 


Administration. 

Administrative assistant’s office. 
Anthropology. 

Biology. 

Botany. 

Comparative anatomy. 

Editor’s office. 

Ethnology. 

Fishes. 

Food. 

Geology. 

Graphic arts. 

History. 

Insects. 

Invertebrate paleontology. 
Mammals. 

Marine invertebrates. 

Materia medica. 

Mechanical technology 


Mesozoic fossils. 

Mineral technology. 
Minerals. 

Mollusks. 

Oriental archeology. 
Paleobotany. 

Parasites, 

Photography. 

Physical anthropology. 
Prehistoric archeology. 
Property clerk. 
Registrar’s office. 

Reptiles and batrachians. 
Superintendent’s office. 
Taxidermy. 

Textiles. 

Vertebrate paleontology. 
War library. 

Wood technology. 


BUREAU OF AMERICAN F/ITIXOLOGY LIBRARY. 

This library is administered under the direct care of the chief of 
the bureau, and a report of its operations will be found in the report 
of that bureau. 


ASTROPHYSICAL OBSERVATORY LIBRARY. 

The collection of reference works relating to astrophysics has been 
in constant use. Fifty-eight volumes, G parts of volumes, and 43 
pamphlets were added during the year. 

NATIONAL ZOOLOGICAL PARK LIBRARY. 

The library of the National Zoological Park is not extensive, being 
a strictly working library. Ninety-one volumes were added during 
the fiscal year. 
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SUMMARY OF ACCESSIONS. 

The accessions during the year, with the exception of the library 
of the Bureau of American Ethnology, may be summarized as fol- 
lows: 

To the Smithsonian deposit in the Library of Congress, including parts 

to complete sets 2, 773 

To the Smithsonian office, Astrophysical Observatory, and National Zoo- 
logical Park 641 

To the United States National Museum 3, 230 

Total 6, 644 

Kespectfully submitted. 

Paul Brockett, 

Assistant Librarian. 

Dr. Charles D. Walcott, 

Secretary of the Smithsonian Institution. 



APPENDIX 7. 


EEPORT ON THE INTERNATIONAL CATALOGUE OF 
SCIENTIFIC LITERATURE. 

Sir : I have the honor to submit the following report on the opera- 
tions of the United States Bureau of the International Catalogue of 
Scientific Literature for the fiscal year ending June 30, 1918. 

The war in Europe, which has now lasted four years, is throwing 
ever-increasing difficulties in the way of satisfactorily carrying on 
the work of the International Catalogue. X number of the countries 
now engaged in hostilities are falling behind in their subscriptions 
and the Central Bureau and all of the regional bureaus are having 
difficulty in obtaining suitable aid to compile and publish the index. 
The Governments of the countries taking part in the enterprise ob- 
viously have prior claims on all services needed in carrying on the 
war and on this account the Catalogue work has fallen somewhat in 
arrears. However, it is gratifying to be able to state that approxi- 
mately two-thirds of the normal number of volumes, which would 
have been published in time of peace, have been published since the 
war broke out. 

IVhen hostilities began in 1911 the tenth annual issue of the Cata- 
logue had just been completed and in addition 10 volumes of the 
eleventh issue and one of the twelfth issue. Since the outbreak of 
war the eleventh and twelfth issues have been completed, together 
with the greater part of the thirteenth issue and part of the four- 
teenth issue, the actual figures being as follows : 

Volumes. 


Eleventh issue 7 

Twelfth issue 10 

Thirteenth issue 11 

Fourteenth issue 4 


Total 41 


The London Central Bureau of the Catalogue, whose duty it is to 
edit and publish the references sent in from the various regional bu- 
reaus, is dependent entirely for its support on the receipts derived 
from the subscribers to the Catalogue throughout the world, and as 
six of the regional bureaus, namely, Germany, Austria, Hungary, 
Poland, Belgium, and Russia, are in arrears to the extent of almost 
$9,000 per annum, it will l^e necessary to obtain a subsidy from some 
94 
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source to finance the fifteenth annual issue of the Catalogue as was 
(lone in 191G when grants from the Eoyal Society of London and 
from the Carnegie Foundation of New York enabled the Central 
Bureau to make up the first deficit caused by the war and provided 
funds for the publication of the fourteenth annual issue. 

It is felt that every effort should be made to continue the organiza- 
tion as it now stands in spite of present and temporary difficulties 
caused by the war, for even if the work is delayed and also to some 
extent incomplete it is obvious that it would be a much sintpler and 
more satisfactory method to continue this great international under- 
taking until the war is over with the present organization than it 
would be to reorganize the work should it be allowed at any time to 
cease or fall too far in arrears. The task of indexing much of the 
literature being published in the countries mentioned above, whose 
regional bureaus have closed, has fallen on the London Central 
Bureau, and already 15.000 reference cards for the German literature 
of 1015 have been prepared there. Whether it will be possible when 
peace is restored to resume the former cordial cooperation with all 
of the now hostile countries is a matter open to serious question, 
but if this can not be done for some years to come the literature pub- 
lished in those countries could be indexed by the Central Bureau, 
as is evidenced b}" the fact that the Central Bureau has already put 
this plan into operation. These and other questions will, however, 
have to be finally decided by another international convention after 
the war. 

As has been pointed out a number of times before, the International 
Convention in London in 1910 authorized a committee to take all 
necessary steps to obtain further assistance and cooperation from 
other similar organizations in the preparation of the Catalogue in 
order to prevent duplication of work. This would not only lead to 
economy of labor, but would provide scientific workers with a com- 
plete and uniform reference to the literature of all sciences. Much 
is yet to be done in order to completely carry out the intent of the 
convention, and it can not be too strongly urged that as soon as war 
conditions allow the complete activities of the Catalogue to be re- 
sumed every effort be made to obtain such cooperation. 

Xot onh" is it strongly advisable to consolidate and cooperate 
with the publishers of scientific bibliographies, but also to so broaden 
the scope of the Catalogue as to include many of the technical in- 
dustries whose investigations and methods of production are so 
closely allied with the progress of research in pure science as to 
render it practically impossible to draw a line of demarcation be- 
tween pure science and many of the applied sciences. 

Many difficulties have arisen to interfere with the work of this 
Eegional Bureau, not only in having the classification properly done, 
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but also in obtaining sufficient clerical assistance to carry on the 
regular routine. 

This in addition to difficulties of forwarding manuscript to 
London on account of dangers from submarines has reduced some- 
what the number of index cards normally issued, but the methods of 
work have been so readjusted as to meet requirements in spite of 
temporary chaotic conditions. 

Very respectfully, yours, 

Leonard C. Gunnell, 

Assistant in Charge, 

Dr. Charles D. Walcoit, 

Secretary Smithsonian Institution. 



APPENDIX 8. 

KEPOET ON THE PUBLICATIONS. 

Sir : I have the honor to submit the following report on the publi- 
cations of the Smithsonian Institution and its branches during the 
year ending June 30, 1918 : 

The Institution proper published during the year 13 papers in the 
series of Miscellaneous Collections, 1 annual report, pamphlet copies 
of 27 papers from the general appendices of these reports, and 5 
special publications. The Bureau of American Ethnology published 
1 bulletin and 1 advance separate belonging to a report now in press. 
The United States National Museum issued 1 annual report, 1 volume 
of the proceedings, 39 separate papers forming parts of these and 
other volumes, and 5 bulletins. 

The total number of copies of publications distributed by the In- 
stitution and its branches was 134,284, which includes 1,591 volumes 
and separate memoirs of Smithsonian Contributions to Knowledge, 
26,412 volumes and separate pamphlets of Smithsonian Miscellaneous 
Collections, 19,815 volumes and separate pamphlets of Smithsonian 
Annual Keports, 75,300 volumes and separates of National Museum 
publications, 7,344 publications of the Bureau of American Ethnol- 
2,929 special publications, 14 volumes of the Annals of the 
Astrophysical Observatory, 44 reports of the Harriman Alaska Expe- 
dition, and 676 reports of the American Historical Association. 

SMITHSONI^VN MISCELLANEOUS COLLECTIONS. 

Of the Miscellaneous Collections, volume 66, the title-page and 
table of contents was published; volume 67, 1 paper; volume 68, 7 
papers; volume 69, 3 papers; in all. 11 papers, as follows: 

VOLUME 66. 

Title-page aud table of couteut i. 5 pp. (Tubl. 2478.) 

VOLUME 67. 

No. 3. Cambrian Geology and Paleontology. IV, No. 3. Fauna of the Mount 
W^hyte formation. By Charles D. Walcott May 9, 1917. 59 pp. 

(Publ, 2480.) 

VOLUME 68. 

No. 6. Meliaceae Centrali-Amerieaiiae et Panaiuenses. C. de Candolle. July 23, 
1917. S pp. (Publ. 2479.) 

No. 7. Descriptions of two new birds from Ilaiti. Charles W. Richmond. July 
12, 1917. 3 pp. (Publ. 2481.) 
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No. 8. Water- vapor transparency to low-temperature radiation. Frederick E. 

Fowle. October 27, 1917. G8 pp. (Publ. 2484.) 

No. 9. A new river dolphin from China. Gerrit S. Miller, jr. March 30, 1918. 
12 pp. (Publ. 2486.) 

No. 10. New rodents from British East Africa. N. Hollister. January 16, 
1918. 3 pp. (Publ. 2489.) 

No. 11. The Marine Algae and marine Spermatophytes of the Tomas Barrera 
Expedition to Cuba. Marshall A. Howe. April 9, 1018. 13 pp. 

(Publ. 2491.) 

No. 12. Exploration and field-work of the Smithsonian Institution in 1917. 134 

pp. (Publ. 2492.) 

VOLUitU 01), 

No, 3. Atmospheric scattering of light. FriMlerick E. Fowle. ^fay, 1918. 11 

pp. ( Publ. 2495. ) 

No. 6. On periodicity in solar radiation. C. G. Abbot. January, 1918. S pp. 
(Publ. 2499.) 

No, 7. Report on aircraft supply of Great Britain and a discussion of the dilll- 
ciilty involved in production. June, 1918. 8 pp. (Publ. 2500.) 

S:\riTHSONIAN ANNUAL REPORTS. 

The completed volume of the Annual Keport of the Board of Re- 
gents for 1910 was received from the Pulilic Printer in December. 

1917. 

Annual Report of the Board of Regents of the Smithsonian Institution, showing 
operations, expenditures, and condition of the Institution for the year ending 
June 30, U)16, xii, OoT pp., 143 pis. iPul)!. 2449.) 

The general appendix contained the following papers, small edi- 
tions of which were printed in pamphlet form : 

Administration and activities of the Smithsonian Institution. By A. Howard 
Clark. 19 pp. 22 pis. (Publ. 2450.) 

News from the stars. By C. G. Abbot. 12 pp, 5 pis. 2451.) 

The distances of the heavenly bodies. By W. S. Eiclielberger. II pp. (Publ. 
2452.) 

A census of the sky. By R. A. Sampson. 12 pp, 6 pis. (Publ. 24.53.) 
Gun-report noise. By Hiram P. ^Maxim. 6 pp. 7 pis. (Publ. 24.54.) 

Molecular structure and life. By Ani€ Pictet. 13 pp. (Publ. 2455.) 

Ideals of chemical investigation. By Theodore W. Richards. 11 pp. (Publ. 
2456.) 

The Earth : Its figure, dimensions, and the constitution of its interior. By T. 0. 
Chamberlin, Harry Fielding Reid, John F. Hay ford, and Frank Schlesinger. 
30 pp. (Publ. 2457.) 

Dry land in geology. By Arthur P. Coleman. IS pp. (Publ. 2458.) 

The petroleum resources of the United States. By Ralph Arnold. 15 pp. 
(Publ. 2459.) 

The outlook for iron. By James Furman Kemp. 21 im* (Publ. 2460.) 

The origin of meteorites. By Fr. Berwerth. 10 pp. ( Publ. 2461.) 

The present state of the problem of evolution. By M. Caullerv. 15 pp. (Publ. 

2462. ) 

Some c^mside^ations on sight in birds. By J. C. Lewis. 9 pp. 5 pis. 

2463. ) 


(Publ. 
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PiratcH of tho (Io(‘p : Stories of the sqiiiil and octopus. By Paul Bartsch. 29 pp. 
19 pis. (Publ. 2464.) 

The economic importance of the diatoms. By Albert Mann. 10 pp. 6 pis. 
(Publ. 2465.) 

Narcotic* plants and stimulants of the ancient Americans. By W. E. Salford. 
3Spp. IT pis. (Publ. 2466.) 

New archeological lights on the origins of civilization in Europe. By Arthur 
Evans. 21 pp. (Publ. 2467.) 

The great dragon of Quirigua. By W. H. Holmes. 14 pp. 10 pis. (Publ. 2468.) 
A i)rehistoric Mesa Verde pueblo and its people. By J. Fewkes. 27 pp. 
15 pis. (Publ. 2469.) 

The art of the great earthwork builders of Ohio. By Charles C. Willoughby. 
12 pp. 13 pis. (Publ. 2470.) 

A half century of geographical progress. By J. Scott Keltic. 21 pp. 2 pis. 
(Publ. 2471.) 

The relation of pure science to industrial research. By .1. J. Carty. 9 pp. 
(Publ. 2471.) 

Mine safety devices developed by the United States Bureau of IMines. By 
Van II. :Manuing. 12 pp. 7 pis. (Publ. 2472.) 

Natural waterways in the United States. By W. W. Harts. 34 pp. 9 pis. 
(Publ. 2473.) 

Theod(U-o N. Gill. By William IT. Hall. S pp. 1 pi. (Publ. 2474.) 

The life and work of Fabre, by E. L. Bouvier. 11 pp. ( Publ. 2475. ) 

UEPORT FOR 1917. 

The report of the executive coiiiiiiittee and proceedings of the 
Board of Ivogents of the Institution and report of the secretary, both 
forniing part of the annual report of the Board of Eegents to Con- 
gress, were issued in pamphlet form in December, 1917 : 

Report of the executive committee and proceedings of the Board of Regents of 
the Smitlisonian ln>litutioii lor tlu‘ year ending .lum‘ 30, 1917. 17 pp. (Publ. 
2488.) 

Report the secretiiry of tlie Smithsouian Institution for the year ending 
June 30. 1917. 110 pp. (Publ. 2487.) 

The general appendix of the report for 1917, which is now in press, 
contains the following papers; 

Projectiles containing explosives, by Commandant A. R. 

Gold and silver deposits in North and South America, by Waldemar Liiidgreii. 
The composition and structure of meteorites compared with that of terrestrial 
rocks, by George P. Merrill. 

Corals and the formation of coral reefs, Iw Thomas ^^hlyland Vaughan. 

The correlation of the Quaternary deposits of the British Isles with those of 
the continent of Europe, by Charles E. P. Brooks. 

Floral aspects of the Hawaiian Islands, by A. S. Hitchcock. 

Narurai history of Paradise Key and the nea)*-by everglades of Florida, by 
W. E, Salford. 

Notes on the early history of the pecan in America, by Rodney H. True. 

The social, educational, and scientific value of botanic gardens, by John Merle 
Coulter. 

Bird, rookeries of tlie Tortugas, by Paul Bartsch. 
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An economic consideration of orthoptera directly affecting man. by A. N. 
Caudell. 

An outline of the relations of animals to their inland environments, by Charles 
C. Adams. 

The National Zoological Park: A popular account of its collections, by N. 
Hollister. 

Ojibway habitations and other structures, by David I. Bushnell, jr. 

The sea as a conservator of wastes and a reservoir of food, by H, F. Moore. 
National work at the British Museum — Museums and advancement of learning, 
by F. A. Bather. 

l^eonhard Fuchs, physician and botanist, by Felix Neumann. 

In luemoriam : Edgar Alexander Mearns, by Charles W, Kichmond. 

William Bullock Clark. 

SPECIAL PUBLICATIONS. 

The following special publications were issued in octav^o form: 

Publications of the Smithsonian Institution issued between January 1 and 
March 31. 1917. 1 p. (Publ. 2448.) 

Publications of the Smithsonian Institution issued between January 1 and 
June 30, 1917. 1 p. (Publ. 2482.) 

Publications of the Smithsonian Institution issued between January 1 and 
September 30, 1917. 1 p. (Publ. 2485.) 

Publications of the Smithsonian Institution issued between January 1 and 
December 31, 1917. 3 pp. (Publ. 2490.) 

Publications of the Smithsonian Institution issued between January 1 and 
March 31, 1918. 3 pp. (Publ. 2496.) 

PUBLICATIONS OF THE UNITED STATES NATIONAL MUSEUM. 

The publications of the National Museum are: (a) The annual 
report to Congress; (&) the Proceedings of the United States Na- 
tional Museum; and (c) the Bulletin of the United States National 
Museum, which includes the Contributions from the United States 
National Herbarium. The editorship of these publications is vested 
in Dr. Marcus Benjamin. 

During the year the Museum published an annual report, one vol- 
ume of the Proceedings, 39 separate papers forming parts of this 
and other volumes, and five bulletins. 

The issues of the Proceedings were as follows: Volume 51 complete. 
The issues of the Bulletin were as follows : 

Bulletin 39. Parts A and D, Directions for collecting birds, and Directions for 
collecting, prepixring, and preserving birds’ eggs and nests. 

Bulletin 67. Directions for collecting and preserving insects. 

Bulletin 95. The fishes of the west coast of Peru, by Barton Warren Evermanu. 
Bulletin 97. The Grapsoid crabs of America, by Mary J. Rathbun. 

Bulletin 101. The Columbian Institute for the promotion of arts and sciences. 
A Washington society of 1816-1838, which established a museum and botanic 
garden under Government patronage, by Richard Rathbun. 

Bulletin 102, Part 1, Coal products ; Part 2, Fertilizers ; Part 3, Sulphur ; Part 4, 
Coal. 
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rUBUCATIOXS OF THE liFREAF OF AMPHIICAN KTHXOEOOY. 

The publications of the bureau are discussed in Appendix lA The 
editorial work of tlie bureau is in char^re of Mr. Stanley Searles, 
editor. 

During the year one bulletin and one advance separate from the 
Thirty-third Annual Iteport wei’e issued, as follows: 

BuUetiii 03. Aual>tical and Critical Bibliearapii^ of the Tribes of Tierni del 
Fue^ao aial Adjact^nt Territory, l)y .Inlin (’uotier. 1133 pj). 1 pi. 

Hawaiian Romance of Laieikawai, by Martha Warren lieckwith. An advance 
separate from tlie Thirty-third Annual Uep<»rt. 3S4 pje o pi. 

There are at present four rexH)rts and "'even bulletins in press. 

REPORT OF THE AMllilU.'AS HlSroRKAVL ASSOCIATTOX. 

The annual report-' of tiie American Historical Association are 
transmitted by the association to the Secretary of the Smitiisonian 
Institution and are commuiiicated to Congress under the provisions 
ot the act of incorporation of the association. 

The annual report for 1015 was published during the year, and the 
second volume of the 1014 report. The report for 1916 was in press 
at the close of the fi-cal year. 

REPORT OF THE XATTOXAE SOCIETY OF THE DAUGHTERS OF THE 

a:mericax revolution. 

The manuscript of the Twentieth Annual Report of the National 
Society of the Daughters of the American Revolution for the year 
ending October 11, 1017, was communicated to Congress on June 4, 
1918. 


THE SMITHSONIAN ADVISORY COMMITTEE ON PRINTING AND 

PUBLICATION. 

The editor has continued to serve as secretary of the Smithsonian 
advisory committee on })rintiiig and publication. This committee 
passes on all manuscripts offered for publication by the Institution 
or its branches, and considers forms of routine, blanks, and various 
other matters pertaining to printing and publication. Thirteen 
meetings were held during the year and 68 manuscripts were acted 
upon. 

Respectfully ^ubiuillcd. 

A. IIowAKD Clark, Editor. 

Dr. (biAKijr:s D. Walcott, 

SeeVitary of the Smith'ioii'nni I n’itltutlon. 

136650"— 20 S 




REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGEXT8 OF THE SMITHSOXIAN INSTITUTION FOR THE 
YEAR ENDING JUNE 30, 1918. 


To tJie Board of Ueyents of the t^mith^oaian I nstitutlon: 

Your executive coiimiittee respectfully subiuits the folloAviug report 
in relation to the funds, receipts, and disbursements of the Institu- 
tion, and a statement of the appropriations by Congress for the 
National Museum, the International Exchanges, the Bureau of Ameri- 
can Ethnology, the National Zoological Park, the Astrophysical Ob- 
seryatory, the International Catalogue of Scientific Literature, etc., 
for the year ending June 30, 1018, together with l)alances of preyious 
appropriations : 

S At IT 1 1 so N I A X I X s r I r l ) X . 

Coiolitio)! of fh(' fmoJ J ahj /, 1918. 

In addition to the total sum of $1,000,000 deposited in the Treasury 
of the LTiited States and authorized under section 5501, Eeyised 
Statutes, the details of which were giyen in our last report, there has 
accumulated from incomes, bequests, and by transfer the sum of 
$00,024.38, which has Ijoen inyested in bonds of approyed character 
for the folloAving specific accounts and carried on the liooks of the 
institution as the consolidated fund, yiz : 


Hod.ykins general fund 275. 00 

llliees fund 37.00 

xVvery fund_ 10, 020. 3S 

Addis(>n T. lieid fund CT2. 00 

faicy T. and George W. H)ore fuinl .. 1,295.00 

George K. Sanford fund 74 . oo 

Smithson fund C51.00 

Chamberlain fund . . .. .. 10,000.00 


Total 60,024.38 


The guaranteed bond^ of tlie West vShore Bailroad Co., preyiously 
reporteil by your conimlttee at their par value, have now been trans- 
ferred to the consolidated fund with specific credit to the Ilodgldns 
general fund at their market value. 

One of the three pieces of real estate bequeathed to the Institution 
\}y the late Pobert Stanton Avery has been sold, and the proceeds 
reinvested in bonds comprising the consolidated fund. 
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iStatcment of rt'ceipts and disht(n<cme}its from July 1, 1917, to June 30^ 1918, 

EE('EIPTS. 

Cash on deposit and in safe July 1, 1917 $9, 232. 5G 

Interest on fund in United States Treasury. _ JfOO, 000. 00 

Other interest 3, 052. 02 

552. 02 

Repayments, rentals, publications, etc 13. o03. 13 

Contributi(*ns for specific purposes 24, 358. 87 

Bills receivable 55? 9(X). 00 

Proceed Is from sale of real estate 8, 721. 00 

105, 135. 02 

174, 367. 58 

DISBURSEMEM'.S. 

Buildings, care and repairs .$6,216.39 

Furniture and fixtures 1. 395. 14 

General expenses : 

Sal^ties 572. 79 

^Meetings 20. 00 

Stationery 646. 57 

Po.stage, telegraph, and telephone 625. 29 

Freight 24. 13 

Incidentals, fuel, and lights 930. 00 

Garacre 2. 042. 64 

21. 861. 42 

Library 2, 160. 86 

Publications and their distribution : 

Miscellaneous Collections 2, 040. 69 

Contributions to Knowledge 120. 00 

Reports 46. 45 

Special publications 186. 09 

Publication .supplies 1S.5. 32 

Salaries 6, 525. 37 

9, 103. 92 

Explorations, researches, and collections 4^ 229. 10 

Hodgkins specific fund, researches, and publications 4^ 830^ 47 

International Exchanges 614.00 

Gallery of Art . 00^ 50 

Consolidated fund ( invented) 40^ 725. 00 

Bills receivable — time certificates ppp pp 

Interest accrued — consolidated fund 53. 78 

United States third Liberty loan 10,000.00 

Advances for field expenses, etc 4 q p^ 

173, 077. 68 

Deposited with Treasurer of the United States 1. O8O. 00 

Cash on hand 200. 00 

3,280.90 


174, 367. 58 
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The itemized report of the auditor confirms the foregoing state- 
ment of receii:)ts and expenditures and is approved. A summary of 
the report follows : 

Capital Audit Co., 
^Metkopolitaa’ Bank Building, 

^YaslLington, D, C. 

Executive Committee, Board of Regents, Smithsonian Institution. 

Sirs: We have examined the accounts and vouchers of the Smithsonian In- 
stitution for the fiscal year ended June 30, 1918, ami certify the following to 


be a correct statement : 

Total disbursements ?1T3, 077. 68 

Total receipts 165, 135. 02 

Excess of disbursements over receipts 7, 942. 66 

Amount from July 1, 1917 9,232.56 

Balance on hand June 30, 1918 1, 289. 00 

Balance as shown by Treasury statement as of June 30, 1917 5, 794. 38 

Less outstanding checks 4 ^ 806. 25 

Balance 988. 13 

Balance, American National Bank 101.77 

Cash on hand 200. 00 

Balance June 30, 1918 289. 90 


The vouchers representing payments from the Smithsonian income during 
the year, each of which bears the approval of the secretary, or, in his absence, 
of the acting secretary, and a certificate that the materials and service charged 
were applied to the purposes of the Institution, Lave been examined in connec- 
tion with the books of the Institution and agree with them. 

Capital Audit (/o., 

By WmLiAM L. Yaeger, President. 

All payments are made by check signed by the secretary on the 
Treasurer of the United States, and all revenues are deposited to the 
credit of the same account, except in some instances small deposits are 
now made in bank for convenience of collection. 

The practice of investing temporarily idle funds in time deposits 
has proven highly satisfactory. During the year the interest derived 
from this source has amounted to $1,275. 

Your committee also presents the following summary of appro- 
priations for the fiscal year 1918 intrusted by CongiTSS to the care 
of the Smithsonian Institution, balances of previous appropriations 
at the beginning of the fiscal year, and amounts unexpended on June 
30, 1918. 
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Available 

after 

July 1, 1917. 

Balance 
June 30, 
1918. 

... . . , , 



■ • . • . J . ■ 

9.57. 76 



$8.59.93 

J . . ^ * 1 . 

35,(100 00 

5, 296. 80 


334 97 

1 314. 87 

V ’ • ■ i i. 

1.523 28 

138 31 

^ .. . 1 ■ 1 - . 

42,000 00 

.3,817.51 

■ .1 ^ 1 

282 96 

1 139 6,5 

j j ' i 

166 00 

226. 77 


7. .500 00 

963 64 

■’ I |. ’ 1 

38 0(! 

I 38 06 


t. 051. 32 

570. 46 


13 (KK> 00 

1.771.14 


62 12 

I 62 12 


2 000 no 

1.929.88 

National Museum: 

Furniture and fixtures, 1916 

Furniture and fixtures, 1917 

Furniture and fixtures, 1918 - 

Heating and fighting, 1916 

Books, 1916 .. 

11 36 
, 2. 246. 79 

i 25 000 00 

202 67 
5.374 93 

2 46.000 00 

1 777 93 
f> 371 60 
3(M) (X»0 00 , 
2:^5. 31 

' Ml. 36 

1 18 97 

1 6. 845. 77 

1 » 202 67 

i 699 24 

1 6 103 77 

1 430 34 
i 647. 87 

1 12. 903. 59 

1 159 48 

Books, 1917 

911 13 

450 60 

Books, 1918 

imc 

i“ '■'■■■ .1 

it ■ .'I , • 

li ■ ■■ ■ 

■ .1 / 

\ . j / II.,. 

^ • .1 / .1 1 , 1 ■ 

I-:.-. 

2,000 OO 
500 00 

3 63 
2. 120 S3 
10,000 00 

9 38 

2 402 35 

1 100 000. 00 
27 216 10 

! 1,227 60 

, M 63 

195 59 
2, 174. 38 
13-38 
83.30 
9,743 24 


1 rarripd to cre<Ut of surplus fund. ^ f^uppleimuital appropriation, ? 


statement of hicnmc from the ^»uth^ri}i fund end froin otlici sources, 

accrued and prospective, to t>e uvailahle dining the fiscal year ending June 


SOy 1919. 

Balance, June 30, 1918 $1. 289. 90 

Bills receivable 820. 000. 00 

Interest uii fund dei)osite<l in United States Treasury due 

July 1, 1918, and Jan. 1, 1919 00,000. 00 

Interest from miscellaneous sources 3, 422. 10 

Exclianire repayments, sale of publications, refund of ;ul- 

vances, etc .31. 0,13. T1 

Deposits for specific purpnses_ . — . . _ 12. OOo. 00 

— — - 127, 071. 81 

Total available for year endiufx June .*>0, 1919 128,365.71 

Respectfully subinitterl. 


Geo. Gray, 

Alex.\nder GRAir.vir 
Henry White, 

Exerutice Committee, 



PROCEEDINGS OF THE BOARD OF REGENTS OF THE SMITH- 
SONIAN INSTITUTION FOR THE FISCAL YEAR ENDING JUNE 
30 , 1918 . 


ANNUAL MEETING DECEMBER 13, 1917. 

The board met at the Institution at 10.15 a. m. 

Present : The Hon. Edward D. White, Chief Justice of the United 
States, chancellor, in the chair : Senator Henry Cabot Lodge, Senator 
Henry F. Hollis, the Hon. E. W. Hoberts, the Hon. George Gray, Mr. 
John B. Henderson, the Hon. Henry White, and the secretary, Dr, 
Charles D. Walcott. 


APPOINTMENT OF REGENTS. 

The secretary announced the following appointments of regents 
of the Institution : On March 4, 1917, the Hon. Thomas R. Marshall, 
Vice President of the United States, ex ofScio ; on NIarch 4, 1917, by 
the President of the Senate, the Hon, Henr^" Cabot Lodge, to succeed 
himself: on January 15, 1917, by joint resolution of Congress ap~ 
proved by the President, the Hon. Henry White, a citizen of Nlary- 
land, to succeed the Hon. Andrew D. White, resigned; on January 19^ 
1917. by joint resolution of Congress approved by the President, Air. 
John B. Henderson, a citizen of Washington, D. C., to succeed himself 
at the expiration of his present term, on March 1, 1917. 

Iir.SOia'TIOX REEAT1\ E TO INrO:N[E AND EXPENDITURE. 

ilr. Roberts, of the executive committee, offered the following 
resolution, which was adopted: 

iif.so/rcf/. That the income of the Institution for the fiscal year ending June 30, 
lOlt), be appnan'iated for the service of thd Institution, to be expended by the 
set‘retary with the advice of the execaitive eoininittee, with full discretion on 
the ijurt of the secretary as to items. 


AX M AE REPORT OF THE EXE(T TIVE (X)MMITTEE. 

The secretary submitted the annual report of the executive com- 
mittee, showing the financial condition of the Institution for the fiscal 
year ending June 90, 1917, stating that it had been supplied to the 
regents in printed form. 

Oil motion, the rejioi t was adopted. 
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VACANCY IN EXECUTIVE COMMITTEE. 


Mr. Roberts said that his term as a regent expired in a few days, 
and tendered his resignation as a member of the executive committee, 
which was accepted. 

On motion, Mr. Henry IMiite was elected to fill the vacancy thus 
created. 

ANNUAL REPORT OF PERTMANENT CO:MMnn’EE. 


Ilodg'kins fund , — In its last report, the committee gave a state- 
ment of the allotments and expenditures under a yearty grant of 
$5,000 to the Langley Aerodynamical Laboratory for three years, 
showing the termination of this grant, with approved outstanding 
liabilities amounting to $4,725.53. These liabilities included an allot- 
ment of $2,000 for tests with the Langley machine and one of $2,500 
made to the United States Weather Bureau for investigations Avhich 
would result in the mapping of the atmosphere up to 20,000 feet over 
the United States and adjoining area. Of these, the first has been 
paid and the second has been relinquished by the Weather Bureau 
as funds for this and other research have been provided by congres- 
sional action. There remains as liabilities, therefore, the small sum 
of $225.53. 

An allotment of $5,000 per aimum for three years was made to 
Dr. Charles G. Abbot, director of the Astrophysical Observatory of 
this Institution, for the establishment of an astrophysical station 
in the Argentine Republic. Owing to conditions brought about by 
the war, the location has been abandoned for the present, and the 
station has been established at Elk Park, X. C. Of the two allot- 
ments already made, $6,261 have been expended. 

Xo changes have occurred in the other bequests in which the Insti- 
tution is interested, and which have been the subject of previous 
reports. 

F ret r Art Budding , — The funds originally placed with the Insti- 
tution by Mr. Charles L. Freer, of Detroit, for the construction of 
the building for his art collections, amounted to $1,000,000 in cash 
and 2,000 shares of the capital stock of Parke, Davis & Co., of De- 
troit. At present the condition of the fund is as fol]f)Ws: 


lUilan(‘f' shf ( i 

Building fund (cash) 

Stock (book value) 

Interest and dividends 

Construction 

Architect’s st*r vices __ 

Architect’s e.xpeuses 

Sewer construction 

Experimental gallery 

Bills receivable (certificates of deposit) 

Sto<*ks 

Cash 


,^ 150 . 4 ( 12 . 10 

:>(), <H)0 IN) 
11, 05 
1. 500. 00 
5, 512(;. 02 
"<10. OOO. (H) 
250, OOO, 00 
.22, 427. as 


$ 1 , 000 , 000 . 00 
250. OOO. 00 
50, 779. 05 


1. »X), T7U. OD 1,300,77<J. 05 



PROCEEDINGS OF THE BOARD OF REGENTS. 


109 


Srruthsonian fund . — Your committee is pleased to report that the 
Smithsonian fund in the United States Treasury has reached the 
maximum sum authorized by law of $1,000,000. 

On motion, the permanent committee's report was accepted, 

ANNUAL REPORT OF THE SECRf:TAKV. 

The secretary presented his report of the operations of the Insti- 
tution for the year ending June 30, 1917. which was accepted. 

THE secretary's SUPPLEMENTARY REPORT. 

The secretary made the following statement in relation to recent 
operations in the various lines of the Institution's activities: 

National Museum , — Attention is called to the necessity for in- 
creased appropriations for the Museum. Under heating and light- 
ing a deficiency of $5,821 has been requested for this year, due to 
the increased cost of coal — which is about 66 per cent greater than 
last year — and to the additional amount of coal required for properly 
heating and lighting the spaces occupied by the Bureau of War 
Kisk Insurance. Under preservation of collections, Congress has 
been requested unsuccessfully to give sufficient funds not only for 
additional members of the staff for the department of arts and 
industries, but for some additional assistance in ethnology and bi- 
ology. Particular stress, however, should be laid on the fact that 
the salaries for the watchmen, laborers, and certain classes of clerks 
and preparators are inadequate in view of the extremely high cost 
of living. The Museum is constantly losing members of its staff 
to the new bureaus of the Government where salaries are much 
larger, and also to private firms. It is urged that Congi'ess take 
steps to increase the salaries of the watchmen and laborers, as well 
as to continue the 5 per cent and 10 per cent increases granted for 
the present fiscal year to employees receiving $1,800 and less. 

There are two notable historical acquisitions. One consists of a 
number of personal relics of Maj. Gen. George B. McClellan, United 
States Army, including swords, uniforms, and other military para- 
phernalia owned by him during the war with Mexico and the Civil 
W ar, presented to the Museum by his son, Jklaj. George B. McClellan, 
U. S. R. The second is the well-known Robert Hewitt Collection of 
Medallic Lincolniana, donated by Mrs. Robert Hewitt. This contains 
some 1,200 medallions, medals, tokens, and badges commemorating 
the life and services of President Lincoln, and is an exceptionally 
complete aggregation of medallic souvenirs of that President, dating 
from the period of the Civil War to the early part of the twentieth 
century. 

In biology several hundred mammals and birds have been received 
from the Collins-Garner expedition in Africa, and by gift of Dr. 



110 ANNUAL REPORT SMITHSONIAN INSTITUTION, 191S. 

William L. Abbott important collections in anthropology and zool- 
ogy have come from the Celebes, collected by his representative, Mr. 
H. C. Eaven, and from Haiti, collected by Dr. Abbott personally. 

In geologj" mention should be made of an almost complete skeleton 
of the unique fossil Diimtvodon^ a carnivorous reptile distinguished 
for the extraordinary length of its spinal processes ; one of the best- 
known crystal aggregate of cinnabar (mercury sulphide) from Hu- 
nan Province, China, as a gift from United States Consul Nelson T. 
Johnson, of Changsha; a meteoric stone from Eustis, Fla., of interest 
as being but the second find of meteoric stones within the State 
limits; besides some 16,000 specimens of invertebrate fossils from 
various sources. 

Among the normal activities carried forward by the Division of 
Mineral Technology may be mentioned: 

The practical completion of a large model showing occurrence 
and recovery of gold. A complete model of lead manufacture, cost- 
ing $7,500, received and being set up. Donation from the National 
Lead Co. A supplementary exhibit of lead, costing about $3,000, 
planned for and promised by the National Lead Co. and others. A 
coal-tar products exhibit of products, now being made in this coun- 
try. This has been assembled. 

Lender special war emergency activities there have been published: 

A r&ume of the fertilizer situation in the country, and needs in 
the way of remedial action. A similar resume for sulphur. The 
same for coal products, this latter being strictly an interpretation 
of the coal-products exhibit. A resume, under preparation and 
nearly ready for the printer, on the fuel situation, including coal, 
oil, and hydroelectric power. 

In further connection with the activities of this division, it may 
be mentioned that a tentative offer has been made by the fertilizer 
industry of $30,000 to $50,000 for use in the assembling of an exhibit 
for the musenm in that field. 

A recent paper by the assistant secretary, entitled The Columbian 
Institute for the Promotion of Arts and Sciences,"' is of particular 
moment, since the museum of the institute was the nucleus of the 
United States National Museum, some objects in the latter Ijeing 
clearly traced to the earlier establishment. This is true of the uni- 
form worn by Washington in resigning his commission. 

National Gallery of Art . — The exhibition of a large collection of 
paintings, by Ossip Perelma, was continued from the preceding half 
year. The gallery is indebted to this artist for excellent portraits 
of Secretary Walcott, Mr. Frank B. Noyes, and Boris Bakhmeteff, 
the Eusian ambassador. An excellent portrait of the American sculp- 
tress, Vinnie Eeam (Vinnie Eeam IToxie), by G. A. P. Healy, was 
presented by Brig. Gen. Eichard L. Hoxie. ’ 
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In November a most interesting collection of 100 lithographs of 
war-work subjects in Great Britain and in the United States, by 
Joseph Pennell, was exhibited in the central room of the gallery, 
and attracted much attention. This exhibition was formally opened 
on the evening of November 1, by the Secretary of the Navy. 

A number of important loans of art works have been recorded by 
the gallery. 

Museum space tal‘en up Jjy the Bureau of ar Rish Insurance . — 
Through inability to find appropriate quarters elsewhere in the city, 
the Bureau of War Bisk Insurance, at the request of the President 
of the United States, was given headquarters on the ground fioor 
of the new building of the National ISIuseum — consisting of the foyer 
with adjoining rooms, two rooms on the south side of the east noidli 
range, and the whole clear space in the west north and west ranges 
between the laboratories and the north and west walls — in all, aggre- 
gating over 25,000 square feet. This area, part of which furnished 
space for meetings, special exhibitions, etc., and a passage to the audi- 
torium from the north entrance of the building will, for a time, there- 
fore, be closed to the public. 

Urgent requests have been received for a groat deal of additional 
space, and the correspondence on the subject was submitted for the 
information of the board. After a full discussion the following 
resolution was offered by Mr. Boberts and a\ as adopted : 

Resolved, That there Miall ]k‘ a ooimiiittee of the l)oanl of rep.eut'^ 
on the use of tlie Nati(nial ^[iiseiim lnuhlinLrs by the ilepartinents of the Co^vern- 
ment, and the ereetion of struetiires on the Snnthsonian p:rouiuls, which eoni- 
mittee shall act for tlie hoard with full power on all matters comprehended by 
this resolution. 

Resolved, That vuoh coininittoe shall be apf>ointed by the chaiK'ellor, Avho 
shall be ex officio a member thereof. 

The chancellor thereupon appointed the following committee: 

The lion. Henry White : 

The chancellor (Chief Justice White) ; 

Senator Lodge: 

Sienator Stone: 

Bepreseiitat i ve F erris ; 

Mr. Henderson. 

I'he secretary will act as the st‘crelary of the committee. 

On motion of Mr. Boberts the board approved the action of the 
secretary in assigning to tlie Bureau of War Bisk Insurance the 
amount of space mentioned. 

Freer Gallery of Art . — Progress on the construction of the build- 
ing for the Freer collections has proceeded as planned. 

In this connection it may be remarked that at the last meeting the 
board was informed of the project to bring about the cancellation by 
Congress of the assessment of $1:1.252.21 against l\Ir. Freer as an 
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income tax on profit on a sale of certain shares, $1,000,000 of which 
had been presented to the Institution for the purpose of erecting a 
building to house his great gift of art objects. I am glad to report 
that the sundry civil act of June 12, 1917, carried a provision author- 
izing the cancellation. 

The Springer collection , — For some years past office and exhibi- 
tion space has been allotted to Dr. Frank Springer, a valued col- 
laborator of the Museum, for his comprehensive and instructive 
collection of fossil crinoids and related groups of echinoderms. 
Eecently Dr. Springer decided to give the Smithsonian Institution 
the title and custody of these collections in perpetuity. He has exe- 
cuted an indenture providing for this, reserving their use to himself 
during his lifetime, and arranging for a fund of $30,000, the income 
of which is to be devoted solely to the administration of the collec- 
tions under the specified conditions. The terms of the gift were 
placed before the permanent committee, which ai^proved its accept- 
ance. 

On motion the board approved the action of the permanent com- 
mittee in accepting the gift of Dr. Frank Springer on the terms as 
laid down in the indenture. 

Bureau of American Ethnology , — Field researches of the Bureau 
of American Ethnology were continued in Xew Mexico, where im- 
portant excavations were conducted in the ruins of the great pueblo 
of Hawikuh, and an archeological reconnaissance was made in west- 
ern Colorado, which brought to light the remains of many interest- 
ing prehistoric tower-like structui^es of excellent masonry, many of 
which had not hitherto been known to science. 

Ethnological investigations were continued among the remnants of 
various tribes in southern California which are on the verge of ex- 
tinction; al>o among the Iroquois of Canada, the Fox Indians of 
Iowa, and the Chippewa of ^linnesota. 

Natloruil Zoological Park , — The readjustment of the western 
iKUindary, a matter of vital importance to the park, is still pending, 
efforts to have the necessary appropriation made at the last session of 
Congress having failed. The amount necessary for the purchase of 
the land to be taken, including the cost of the proceedings, is $175.- 
r)41.43. The matter is urgent, because the area of active improve- 
ment on Connecticut Avenue has reached the border of this land and 
is likely to extend in the near future. A marked increase in the num- 
ber of visitors to the park has been noted. During the first four 
months of the present fiscal year the attendance wa^ 004,500, an 
increase of 230,450 o\'er the corresponding months of last year and 
greatly in excess of the figures for the same period in the record year. 
This is no doubt due to the great number of strangers and troops in 
the city. 
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Asfy^o physical Observatory , — Solar constant observations were con- 
ducted by the Astroplivsical Observatory at Mount Wilson, Cal., dur- 
ing the past summer and autumn. Eesults were obtained showing that 
the earth's atmosphere is entirely opaque to rays of more than 20 
microns in wave length and that all such rays were found cut off in 
a path of 12 feet in air. This is important to meteorology, because 
about one- fourth of the rays emitted by the earth's surface are above 
20 microns wave length. 

Expeditionary observations at Hump Mountain, X. C., under a 
grant from the Hodgkins fund are progressing and will be continued 
all winter. The work includes measures of the solar constant of radi- 
ation, measures of the brightness of the sky, measures of nocturnal 
radiation, and experiments bearing on frost prediction. 

The Astroplivsical Observatory is continuing the study of the trans- 
parency of the air to long-wave rays such as the earth sends out. 
The atmosphere on clear days appears to transmit only about 20 to 
30 per cent of the earth's rays outward to space, the quantity trans- 
mitted decreasing as humidity increases. 

The reduction of the Mount Wilson observations isnearl}" up to date. 
An investigation of the periodicity of solar radiation is under way 
and is about to yield interesting results. A periodicity attending the 
period of the sim*s rotation is found in 1915 when there was much 
sun-spot activity. 

A determination of the constant of the formula for total radiation 
is in progress. • 

Langley Aerodynanucal Laboratory , — In the report of the secre- 
tary of the board at its meeting on December 14, 1916, a brief state- 
ment was made on the development that had taken place in connection 
with the Langley Aerodynamical Laboratory. 

In this statement attention was called to an allotment of $2,500 
for the investigation of problems of the atmosphere in relation to 
aeronautics in cooperation with the United States Weather Bureau of 
• the Department of Agriculture. Through the representations of the 
Xational Advisory Committee for Aeronautics, Congress appropri- 
ated $100,000 for work in this important field by the Weather Bureau, 
and the $2,500 allotted by the Institution have been credited back into 
the fund of the Langley Aerodynamical Laboratory. 

The work of the Xational Advisory Committee for Aeronautics 
has enlarged rapidly during the past year. At its suggestion the 
Council of Xational Defense appointed a Committee on Aircraft Pro- 
duction, which was later reconstituted under an act of Congress 
the Aircraft Board, with power to consider all questions of aircraft 
production and to make recommendations to the military departments 
for the production and purchase of aircraft and aircraft appliances. 
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Tlie experimental laboratory of the Acbisory Committee is now 
in procevss of erection at Langley Field, near Hampton. Va. In the 
meantime experimental work is being conducted under the direction 
of the committee at several laboratories. 

The original Langley man-carrying flying machine has been 
brought back from Hammondsport after its successful trials, and 
soon will be placed on exhibition in the old National Museum build- 
ing. It is the first heavier-than-air, man-carrying machine ever 
built, although it did not have a successful flight until more than 10 
years after its construction. It is also an important historical relic, 
as it confirms the claim that Secretary Langley was the first to de- 
sign and construct a heavier-than-air machine capable of carrying a 
man in flight. There has never been any question tliat he was the 
first to successfully fly a heavier-than-air machine propelled by its 
own power. 

Borneo nn<] Celebes cjcpedition , — Owing to the generosity of Dr. 
Mb L. Abbott, a valued collaborator of the National Museum, an ex- 
tensive expedition has been in operation in these islands for several 
3"ears, under the leadership of Mr, II. C. Eaven. Collecting is now 
being carried on in central Celebes, and the Museum has received a 
new lot of objects which is especially rich in ethnological material. 
Previous mention has been made of the results of this expedition 
and of the gifts of Dr. Abbott, who has contributed tlie sum of 
$21,000 for this purpose since 1912. 

Santo Domingo and Haiti expedition. — Dr. Abbott is now per- 
sonally continuing his collections in Santo Domingo and Haiti, from 
which he has secured for the National Museum many interesting 
mammals and birds. 

Biological icorh In North China. — Mr. A. de C. Sowerby is con- 
tinuing his exploration work in northeastern China, and a small col- 
lection was received from him in May. 1917. Ilis work has been 
attended with considerable difficulty, however, owing to the unsettled 
condition of the country. It will be remembered that this expedition • 
is being financed by a friend of the Institution, who declines to 
allow his identity to become known. 

Conins-Garner Congo expedition . — In November, lOlG, Mr. A, M. 
Collin'^, of Philadelphia, asked the Museum to participate in an ex- 
pedition to the French Congo which he was organizing in conjunc- 
tion with Mr. E, L. Garner, Mr. Collins assuming the main financial 
burden of the expedition. It was arranged that the Smithsonian 
Institution should send a zoological collector, pav his salarv and 
transportation, and in addition turn over $1,200 to iMr. Collins, for 
which sum he agreed to give our representative the privileges of the 
expedition until the end of September, 1017. Mr. Garner and our 
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representative, Mr. C. E. W. Asclienieier, sailed about the middle of 
December, but were unable to reach the collecting grounds until 
March. They encountered many difficulties along the way, but these 
were finally overcome, so that serious work began in April. One 
shipment of material has already been received and another is on 
the way. Both mammals and birds from West Africa are of great 
importance to our collections for comparison with the East African 
material brought together by the Smithsonian African expedition 
and the Eainey expedition. 
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ADVEETISEMENT. 


The ob ject of the General Appendix to the Anuiuxl Eeport of the 
Siiiithsoiiiau Institution is to furnish brief accounts of scientific dis- 
covery in paiticular directions; reports of investigations made by 
collaborators of the Institution : and memoirs of a general character 
or on special topics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a prominent object of the Board of Eegents of the 
Smithsonian Institution, from a very early date, to enrich the annual 
report required of them by law with memoirs illustrating the more 
remarkable and important developments in physical and biological 
discovery, as well as showing the general character of the operations 
of the Institution; and this purpose has, during the greater part of 
its history, been carried out largely by the publication of such papers 
as would possess an interest to all attracted by scientific progress. 

In 1880 the secretary, induced in part by the discontinuance of an 
annual summary of progress which for 30 years previous had been 
issued by well-known private })ublishing firms, had prepared by com- 
petent collaborators a series of abstracts, showing concisely the 
prominent features of recent scientific progress in astronomy, geol- 
ogy, meteorology, physics, chemistry, mineralogy, botany, zoology, 
and anthropology. This latter plan was continued, though not alto- 
gether satisfactorily, down to and including the year 1888. 

In the report for 1889 a return was made to the earlier method of 
presenting a miscellaneous selection of papers (some of them origi- 
nal) embracing a considerable range of scientific investigation and 
discussion. This method has been continued in the present report 
for 1918. 
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THE DISCOVERY OF HELIUM AND WHAT 
CAME OF IT. 


By C. G. Abbot, 

Assistant Secretary, Sntith.^onian Institution, 


This story is about a chemical element that Avas discovered in the 
sun, confirmed in the stars, recognized long after upon tlie earth, 
was instrumental in realizing the dreams of the alclieini^^ts, and 
finally found a useful place in the great war. It came upon our 
stage at the time of one of those wonderful natural phenomena called 
total solar eclipses. 

About once every year the moon comes exactly between the sun 
and the earth, and as its apparent size is generally slightly greater 
than that of the sun, although in reality far smaller, it covers over 
the brilliant disk of the sun and allows us to see those objects which 
are so close to the sun in their apparent position as ordinarily to 
be obscured by the brilliant glaive of the sky in the solar neighbor- 
hood. 

On August 18, 1868, a very notable total solar eclipse was visible 
in India. INIany astronomers journeyed there to observe it, among 
them the French astronomer, Janssen. It was only a few years before 
this that the spectroscope began to reveal the inmost nature of 
substances when these are heated sufficiently to give off light. Many 
astronomers employed the spectroscope at the Indian eclipse and all 
made substantially the same report. They found that the bright 
prominences which shot out to different heights about the sun's disk, 
and which had been seen in many previous eclipses, revealed spectra 
consisting of bright lines. Conspicuous among these lines were the 
lines of hydrogen, but other bright lines were seen in the prominence 
spectrum, among them one of yellow, which they mistook for the 
characteristic bright line of sodium. Their observations completely 
demonstrated the fact that the prominences tire enormous mas'^es 
of highly heated gaseous matter shot up to immense distances above 
the surface of the sun, and that of these gases hydrogen is among 
the most prominent. So far all were agreed, but Janssen went beyond 
this. The lines were so brilliant during the eclipse, us seen in his 
spectroscope, that he believed he could see them also in full sun- 
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light. Clouds prevented him from trying the experiment that after- 
noon, but the next morning he completed the necessary adjustments 
and drawing his spectroscope toward that portion of the sun’s edge 
where the day before the most brilliant prominences had been seen 
during the eclipse, he found that the same lines came out again 
clear and distinct. Xow he could study them at his leisure, not 
hurried by the quick rush of the eclipse phenomena, and he de- 
termined accurately the positions of the lines in the spectrum. He 
immediately confirmed his first conclusion that liydrogen is the 
most conspicuous of the prominence materials, but found that the 
yellow line which had been attributed to sodium was slightly dis- 
placed from the position of the real sodium lines and must probably 
be the revealed characteristic radiation of a new chemical element. 

Messrs. Lockyer and Frankland confirmed the results of Janssen, 
and proved definitely that the yellow line could not be ascribed to 
the spectrum of any known terrestrial element. Frankland pro- 
posed for the new discovery the name of “ helium,” from the Greek 

helios,” the sun, and this name has been universally accepted for it. 

After some years the yellow line of helium and some others which 
appeared to be associated with it were detected in the spectra of 
some of the stars. These lines are found as dark absorption lines in 
the spectra of the Orion stars, but bright in the spectra of certain 
others, and both bright and dark in the spectra of some of the so- 
called new stars. 

Much searching was done to find this new element upon the earth, 
but, until 1895, without success. In that year Dr. Eamsay, a collabo- 
rator with Lord Eayleigh in the discovery of argon in the atmos- 
phere, made an examination of the gas given off on digesting with 
acid specimens of Norwegian cleveite. He found in this spectrum 
the conspicuous yellow line of helium as theretofore known in the 
sun. Associated with helium he found also argon and other gases. 
Cleveite is a species of pitch-blende and is one of the ores of uranium. 
It was soon found that the gas helium was quite widely distributed 
upon the earth, though in minute quantities, and was found in other 
ores of uranium and also in the gases given off by certain mineral 
springs, even found free in the atmosphere in traces, and was also 
to be found associated with natural gas in the gas wells of the United 
States. It was also found in meteoric iron. 

Of course the spectrum and all the properties of the new element 
were carefully studied, and it was found to be an inert chemical. 
Its molecule contains but one atom, whereas hydrogen and oxygen 
molecules have two. The greatest efforts have been made to cause 
it to combine with other chemical elements. Every device known to 
science has been employed, but Avithout success. No combinations 
whatever can be made between helium and any other Imown cheiui- 
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cal elements. This is a property which it shares with some of the 
other rare gases discovered about the same time — argon, neon, xenon, 
and others. 

Readers will admit that up to this point the history of helium had 
been one of surprises. Found originally in the sun, 90,000,000 miles 
away ; traced to the stars, thousands of times as far away as the bun : 
over a quarter of a century elapsed before it was found upon the 
earth, and when found, although a chemical element, it differed from 
almost all chemical elements in being wholly indifferent to all otlier 
constituents of the world. But the wonders of the story had hardly 
begun. 

In 1898 the discovery of radium, another chemical element, sur- 
prised the world, for the properties of radium were found more 
strange than those of helium. Radium was found to be continually 
giving off portions of itself. It was found to be capable of fogging 
photographic plates through solid sheets of metal entirely opaque 
to light. It Avas found to be continually giving up heat, and ^ome 
persons thought that here at last Avas a Anolation of the Avell-knoAvn 
second laAV of thermodynamics, Avhich maintains that heat can not 
continually flow ])X a self-acting process from a cooler body to a 
Avarmer one. This paradox Avas later understood, for it Avas found 
that the shooting off of a part of itself by the radium made available 
those stores of inner chemical energy Avhich could be continually 
con A er ted into heat energy a lino -t inexhaustibly in point of time. 
IVitli the discovery of this extraordinary propert}^ of radium the 
mystery of the long existence of life upon the earth and the next 
corollary to it, the long existence of the sun as a source of ra<liation, 
became less puzzling. For although no sources of energy known up 
to that time had been suggested Avhich Avere competent to maintain 
the sun's radiation for the hundreds of millions of years demanded 
by the geologist and the zoologist to account for the phenomena they 
stud}", yet if there be chemical elements which decompose their 
inmost atoms with a (*ontinual eAa)lution of heat, here may be an 
almost unlimited source from AAhich to draAv for all demands of 
geology and biologA^ as far as they relate to the sun. 

But Avhat became of the particles shot off* by radium? They Avere 
found to consist of gases, and some of these gases themselA es Avere of 
short life and eATUtually ^plit up into others. Tavo stable products 
of the decomposition of the atoms of radium and its immediate prod- 
ucts Avere at length recognized. One of these is the well-known metal 
lead, the other is our friend helium. Xot only does radium break 
up Avitli the evolution of helium, but also uranium, thorium, and 
possibly also other chemical elements. Thiu Avas ex]:)lained the 
tendency of ludium to be associated with uranium ores, for un- 
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doiibtedly the uranium comprised in these ores is continually de- 
generating and forming the helium as it does so. 

Thus the dreams of the old alchemists bad almost come true. For 
centuries they had endeavored to transmute the chemical elements, 
thus to produce the precious metals, such as gold and silver. In this 
they had always failed. But nature, that more powerful alchemist, 
had now revealed its secret that the c‘hemical elements are not im- 
mutable but may be transmuted one into the other. Unfortunately 
for commercial applications, no processes have ever been discovered 
by means of which the change of radium and its associates into 
helium and other metals can either be hurried or retarded. Nature 
retains full control of the apparatus. Hitherto man has been unable 
to usurp the government of it. 

Among the properties of helium has been noted its chemical inert- 
ness. In other words, no combinations of helium with other chemical 
elements can be made. This means that helium can not be burned. 
We well know that hydrogen burns with tremendous energy in 
oxygen or in air, but nothing of the kind takes place with helium. 
By no process whatever can helium be burned. Another most inter- 
esting physical property of helium gas is the extreme difficulty of 
liquefying it. During the nineteenth century almost all of the so- 
called permanent gases were liquefied. Hydrogen resisted the attack 
the longest, but even hydrogen Avas at last li<iuefied and even solidi- 
fied. Helium, however, resisted that degree of cold and pressure to 
which hydrogen had yielded itself as a liquid, and it was only in 
1908 that Kamerlingh Onnes, the distinguished Dutch physicist, suc- 
ceeded actually in liquefying helium. The temperature at which he 
arrived in this process was but C. above absolute zero, that unique 
beginning of all motion of the molecules and of properties of many 
kinds. Measured on the absolute centigi*ade scale, the temperature of 
the sun is about G.OOO'' to 7,000°; that of the earth about 285°; 
freezing w^ater, 273°; liquid oxygen, 90°; liquid hydrogen, 20°; and 
liquid helium, 4°. 

Onnes Avas able to reach almost to 2° absolute by employing helium 
in a special way, and employed this new extreme of cold to test the 
electrical and other properties of metals. Very extraordinary results 
were found. Tin, lead, and mercury (which is a solid, of course, at 
these temperatures) suddenly lost their properties of electrical re- 
sistance. Thus a thread of mercury that measured seAx^ral hundred 
ohms at room temperatures, at 2? 45 Abs. C. had so little electrical 
resistance that it could not be detected, and certainly less than 
ny.^oo.%u^).ooo what it had at tin* t(M)iperature of freezing Avater. 
Probably this curious sudden change of electrical behavior occurs 
with other metals, too. 
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Here, then, we have read two new chapters of the wonderful his- 
tory of helium, its relation to the dreams of the alchemists, and its 
approach to the extreme limit of the realm of cold. The last chap- 
ter of the story deals with the great war. 

For two decades previous to the invasion of Belgium the Germans 
had been constructing their Zeppelins, and the possibilities of this 
new war weapon were variously estimated. Their employment of it. 
however, to scatter destruction over undefended towns had not been 
dreamed of, and the horror which their earlier raids across the 
Channel into England roused will not soon be forgotten. However, 
this diabolical engine of destruction proved not to be invulnerable. 
The hydrogen gas with Avhich these great ships were filled in order 
to make them lighter than air was in the highest degi’ee inflammable, 
and when the airplanes reached their high degree of efficiency the avi- 
ators were able to destroy the Zeppelins by means of inflammatory 
bullets. Experiments made in the United States have shown that 
about one in four of the inflammatory projectiles which pierce a 
hydrogen filled balloon is apt to set it on fire. In this way the Ger- 
mans lost several Zeppelins, and recognizing the danger of their em- 
ployment and the comparatively meager results achieved, they at 
length discontinued the employment of them. But they continued 
their devilish raids by the use of airplanes, which had reached such 
large dimensions and such degrees of adaptability for maneuvering 
that long trips could be made with them to scatter death and destruc- 
tion over civilian populations. 

At length the Allies retaliated. They also sent their airplanes 
to give the Germans some idealization of that kind of warfare. Their 
aerial fleets outnumbered tlie Germans, and with the entrance of the 
United States into the war probabilities of still fuidther aerial attacks 
upon Germany became far stronger. But it occurred to allied officers 
that if a noninflammable gas could be used, then the Zeppelins them- 
selves, which were far more capable of carrying great weights of 
guns and bombs, and were capable of making long flights into enemy 
territory, would be even more suitable for this kind of warfare. 
Ammonia and hot air were suggested and tested for such purposes, 
but owing to their comparatively considerable weight as compared 
with hydrogen they were not altogether satisfactory. But some 
enthusiast suggested that if helium, which is next lightest to hydrogen 
of all the gases, could be used the problem would be solved. Noth- 
ing apparently was more absurd. Kamerlingh Onnes had spent an 
enormous amount of time to collect for his experiments on liquefac- 
tion of helium so little as 2 cubic meters of gas. A terrible misfor- 
tune occurred to him, for an accidental leakage in his apparatus 
caused the loss of much of this precious store 
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The cost of producing helium at the outbreak of the war was 
about $1,600 per cubic foot, and Zeppelin balloons would require 
manj" hundreds of thousands of cubic feet. Apparently the sugges- 
tion was merely a wild dream absolutely incapable of realization. 
However, there are in Texas and Oklahoma certain gas wells which 
yield as much as nine-tenths of 1 per cent of helium. Plants were 
constructed to recover helium from the natural gas by means of 
liquefaction. As the temperature and pressure are properly adjusted 
and the temperature reduced, the natural gas first liquefies and runs 
away ; after this the nitrogen and oxygen which may be present, and 
so on, one after another of the various gases of which the mixture is 
composed, until at length helium stands alone. In this way it was 
found possible to recover about GO per cent of the helium in the mix- 
ture, so that a yield of about one-half per cent was obtained from the 
original natural gas. Of course, no Avaste of the natural gas itself for 
combustion occurred, for the liquefied gas could be warmed and could 
be quite as useful as before for purposes of combustion. 

Several large plants were operated by the Government in Texas 
for the recovery of helium. The matter was, however, kept a well- 
guarded sceret. Even the name was hidden. Photographs of the 
plant taken, were labeled argon’' manufacturies. The idea w^as 
spread that the purpose of the experiments was to produce a new va- 
riety of poisonous gas for warfare, or perhaps a special variety of 
gasoline for use in airplanes. All sorts of camouflage were adopted 
to prevent the enemy from learning the true purpose of the experi- 
ments. So far had the work progressed that at the time the armis- 
tice was signed a consignment of 150,000 cubic feet of helium was 
on the dock at Xew York, waiting to be sent to France to be used 
by the Allies for their balloons. Plans were on foot for increasing 
the output of helium enormously, so that it is probable that had the 
war lasted until the summer of 1010 the Allies could have employed 
helium gas for observation balloons and for Zeppelins with entire 
immunity from all possibility that they could be shot down with 
incendiary bullets. 

It seems a far cry from the peaceful sun. 90,000,000 miles away, 
and the still more peaceful stars that dot the summer night, at more 
immeasureable distances, to the horrible war which has just been 
ended upon our little earth, but yet who knows when he goes about 
an investigation to increase the bounds of knowledge, however re- 
mote his subject may be from the ordinary walks of life, what appli- 
cations the future may have in store for the results he gains ? 



AN ACCOUNT OP THE EISE OP NAVIGATION/ 


By R. H. CuKTiss. 


One of the most obvious practical benefits directly traceable to 
astronomical research is found in the application of celestial observa- 
tions to the solution of the problems of navigation. Though other 
sciences have contributed their quota, it is mainly astronomy that has 
made the ocean safe for the navigator. 

The fundamental problem of navigation is : Given the position on 
the earth of the port to be reached, to determine the ship’s positions 
and the best courses to be steered at suitable intervals from the begin- 
ning to the consummation of the voyage. This problem, so important 
commercially, is, strictly speaking, one of science, for it depends 
chiefly for its accurate solution on the application of the principles 
and methods of practical astronomy. 

For obvious reasons the accuracy attainable in determinations of 
^x)sition and direction at sea is much inferior to that possible on 
shore. The unsteadiness of the platform of a ship, the uncertainties 
of atmospheric refraction near or on the horizon, and the intervention 
of cloudy periods while the ship is progi^essing through disturbing 
currents and winds are formidable difficulties which the navigator 
must meet. But the results attainable with care leave only a small 
element of risk affecting modern transpoii:ation at sea. 

Quite different was the position of the navigator in early times. 
The compass was introduced generally into Europe about 1400 A. D. 
Before this time the only practical means of navigating a ship on 
the Atlantic and Mediterranean was to keep in sight of land, or 
occasionally, for short distances, to direct the ship’s course by refer- 
ence to the sun and stars. But this latter rough method failed in 
cloudy weather, and even during short voyages on the Mediterranean 
in such circumstances the navigator became hopelessly bewildered as 
to his position. Frequently on the China Sea and the Indian Ocean 
vessels were able to traverse long distances out of sight of land 
by running directly before the steady winds, called the monsoons, 
which prevail in those localities. But the compass was an important 

1 Reprinted hy permission from Popular Astronomy, Vol. XXVI, No. 254, April, 1918. 
The author expresses acknowh'dgements especially to rhe lAiited States Ilydrogrraphic 
Office and the Encyclopedia Brittanica for material u^ed in thi*^ article. 
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adjunct even there, and such methods of navigating were makeshifts 
at best. 

The general adoption of the mariner's compass, about 1400 A. D., 
was followed by a period of progress in navigation, particularly 
among the Portuguese, whose exploring expeditions during the fif- 
teenth century led to important discoveries in the Atlantic. Prior 
to this time the methods in use were very rude, uncertain, and dan- 
gerous. llTien a fleet of merchant vessels was sent to distant ports 
the trader was content if one or two returned and he fixed the prices 
on his precious imports accordingly. 

But even at the beginning of the seventeenth century, navigation 
was still in a very backward state. That the compass needle does not 
point true north had been noticed early ; that the amount of variation 
from north was different for different localities had been noted b}" 
Columbus or Cabot about 1490; but that the variation of the com- 
pass changes from year to year at the same base was not known 
until 1635. 

At this time (about IGOO) a navigator’s equipment included a com- 
pass for directing the course; a rough weight and line for making 
soundings; a cross-staff or astrolabe for measuring angles; a fairly 
good table of the sun’s distance north or south of the equator; and 
corrections for the altitude of the pole star. The last four appliances 
were used solely to determine the latitude or the distance on the 
earth’s surface north or south of the terrestrial equator. Occasion- 
ally a very incorrect chart helped determine the ship’s position. In 
this connection the motion of the ship was usually determined by 
estimating the speed every two hours or so, or, in some cases, by 
throwing out a float from the bows of the ship and noting the inter- 
val of time between its passage abeam of two observers standing on 
the deck at known distances apart. 

By observations with the cross-staff and astrolabe on the sun or the 
pole star, latitude could be measured at sea with sufficient accuracy 
to fix the observer’s position north or south of the equator within 20 
miles or so, but no method was available for finding longitude or 
position east or west on the earth, except the rough expedient of esti- 
mating the run of the ship, taking wind, tide, and current into ac- 
count. The only mode of arriving at a port of destination was to 
steer so as to get into the latitude of such a port either to the east- 
ward or westward of its supposed position, and then to approach it 
on its parallel of latitude by steering a course due east or west. Ob- 
viously this method, though the best then available, might prove 
fatal if the error in longitude were too great. 

The advice on longitude finding given by a nautical authority of 
repute at this time illustrates well the status of the problem up to 
the eighteenth century. He observes: 
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Now there be some that are very inquisitive to have a way to get the 
longitude, but that is too tedious for seamen, since it requireth the deep 
knowledge of astronomy, wherefore I would not have any man think that the 
longitude is to be found at sea by any instrument; so let no seamen trouble 
themselves with any such rule, but (according to their accustomed manner) 
let them keep a perfect account and reckoning of the way of their ship. 

Such a record of the way of a ship appears to have been made 
with chalk on a wooden board called a log board which folded like 
a book and from which each day a position for the ship was deduced. 

But while the longitude problem at sea remained unsolved, con- 
tributions to progress in navigation were being made in other direc- 
tions. Mercator and Wright developed a correct sailing chart about 
1600. Gunter's tables in 1620 made possible the application of 
logarithms to navigation. In 1631 a device, called the vernier, for 
accurate reading of scales became known. In 1635 Gellibrand pub- 
lished his discovery of the annual change in the variation of the com- 
pass needle. In 1637 Norwood helped remove one of the greatest 
stumbling blocks in the way of correct navigation by determining 
improved values of the length of a minute of arc on the earth's 
surface, or the true nautical mile. His value was about six-tenths 
of 1 per cent too large. In 1699 Halley constructed the first com- 
pass variation chart. 

In the meantime some progress was being made with the longitude 
problem. It was recognized that the only accurate method of 
determining the longitude is by knowing the difference at the same 
instant between the time at the meridian of Greenwich and that of 
the observer. The determination of the local time for the observer 
by astronomical observations of the altitude of suitably situated 
heavenly bodies was an old, well-known and frequently practiced 
operation. But the simultaneous determination of Greenwich time 
presented great difficulties. Obviously if the ship were near enough 
to a station on the Greenwich meridian a rocket or a loud explosion 
could be used as a signal at some stated Greenwich time. The ship’s 
time for the same instant could then be observed and the difference 
between these two times for the same instant would be the longitude 
of the ship east or west of Greenwich. But for ships out of signal 
range from Greenwich observations of celestial phenomena had to 
be employed. At present chronometers are carried on board ship 
which, after being corrected and rated at departure, keep accurate 
Greenwich time throughout the voyage and thus render longitude 
determination relatively easy. But chronometers of satisfactory 
accuracy were not available till late in the eighteenth century. 

The best method known for determining Greenwich time at sea 
by observation before the chronometer became available was that 
depending upon the measurement of the distance of the moon from 
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selected stars. For the moon makes a rapid circuit of the sky once 
each month and in so doing passes close to a number of bright stars. 
Hence if the navigator can be provided with tables giving the 
Greenwich time when the moon should be found to be distant from 
a given star by a given amount which he has measured, then the 
Greenwich time of the instant of that observation becomes known 
and may be kept by an hour glass or watch for a few minutes while 
the ship’s time is being found. 

This method for determining longitude was foreseen as early as 
1514, but its practical application was attended with difficulties, not 
surmounted indeed before another and better method had been de- 
veloped through the invention of the accurate chronometer. The 
difficulties in the way of the lunar distance determination of longi- 
tude were imperfect knowledge of the moon’s motion and the crude 
character of the instruments for measuring angles, together with 
some inferiority inherent in the method. 

The study of the longitude problem was stimulated by a prize of 

1.000 crowns offered by Philip III of Spain, followed by another of 

10.000 florins by the states-general for the discovery of a method of 
finding longitude at sea. As a result it was brought out that methods 
depending on the moon's position offered the best solution at that 
time, but that the lunar tables extant were useless, and that much 
study and observation would be necessary to make them available. 
Primarily to attack this lunar problem England established her 
national observatory in 1675. Fifty-six years later the astronomer 
royal in charge of the Greenwich Observatory announced that he 
hoped to be able to compute the moon's position within such limits 
that longitude errors would be reduced to 60 geographical miles 
at the equator. Apparently progress had been slow. 

In 1714 England’s commission for the discovery of longitude at 
sea had been constituted with power to grant large sums in prizes. 
For a method of determining the longitude within 60 goograpliical 
miles, to be tested by a voyage to the West Indies and back, £10,000 
was offered; within 40 miles, £15,000: within 30 miles, £20,000. 

The importance of further progress in methods of navigation at 
this time is brought out by accounts of actual casualties showing 
what the dangers were. Admiral Wlieeler’s squadron, in 1694, leav- 
ing the Mediterranean, ran on Gilbraltar when it was thought the 
strait was safely passed. Sir Cloudesley Shovel’s squadron, in 1707. 
was lost on the rocks off Scilly, by erring in the latitude. Several 
transports in 1711 were lost near the St. Lawrence Eiver, having 
erred 45 miles in their reckoning. Lord Belhaven was lost on the 
Lizard in 1721, the same day on which he sailed from Plymouth, 
England. 
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At this point two most vital discoveries makinpr for advancement in 
navigation were made. The rise of modern navigation may fairly be 
dated from the invention of the sextant by Hadley in 1731 and of the 
chronometer by Harrison in 1735. The sextant is an instrument for 
the measurement of angular distances. As such it replaced the cross- 
staff and the astrolabe, than which it is far more convenient and ac- 
curate, The cross-staff required the observer to sight in two direc- 
tions at once, while the sextant forms two images of the object or 
objects observed as near together as desired in a small telescope. The 
astrolabe was suspended and was supposed to be kept plumb by grav- 
ity, but the movement of the ship rendered accuracy impossible. 
Three observers were required to manipidate it. The sextant is easily 
handled by one observer, who, with practise, soon acquires great pro- 
ficiency and accuracy in the measurement of angles although his posi- 
tion may be on the unsteady deck of a ship at sea. 

The chronometer is a timepiece like a watch in that it is actuated 
by a spring and depends upon a balance wheel for the measurement 
of time. It is however much larger and usually much more accurate 
than a watch, and it is mounted on gymbals so that it may by its own 
weight remain face up when its case is tipped. ^ 

In early times mariners used the compass as a rough sundial for the 
determination of time- AVaterclocks and sandclocks were employed 
for rough purposes of keeping time on board ship, and it is curious to 
note that hour and half-hour sand glasses were used in the British 
navy until 1830. When watches were introduced in 1530 they were 
not acciu'ate enough to supersede even the primitive devices then in 
use. The practical difficulty arose from their veiw irregular rates, 
owing to change in temperature and the motion of the ship. Har- 
rison's great invention, wliich made ])Ossible the chronometer and 
greatly improved the watch, v as the principle of compensating the 
balance wheel by the use of two metals with different coefficients of 
expansion, together with a device by which the chronometer retains 
its motion while being wound. 

Harrison Avas eager to try for the longitude prizes with the help of 
his new invention. He believed that his timepiece, if set and rated 
carefully before embarking, could be relied upon to keep Greenwich 
time for a a oyage of seA^eral months with such accuracy that greatly 
improA^ed longitude determinations at sea could be effected. In 1735 
he was allowed to test one of his first watches on a Amyage to Lisbon, 
with a result so satisfactory that he received a grant of £500 to carry 
out further improA^ements. The official trial journey to the West 
Indies Avas begun in XoA^ember, 1761, with an improved chronometer; 
and during the whole Amyage of five months the total error unalloAved- 
for was 1 min. 54.5 sec. or the equivalent of 18 geographical miles in 
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the latitude of Portsmouth, an amount within the limit of 30 
miles specified for the grand prize of the longitude commission. 

Apparently Harrison had won the prize of nearly $100,000.00; but 
the invention of the sextant, which had helped Harrison by facilitat- 
ing the determination of local time, had been especially favorable to 
certain powerful competitors who hoped to gain the reward by meas- 
urement of lunar distances from stars. Much improved lunar tables 
had been submitted by Mayer in 1755. These were pronounced gen- 
erally correct within a minute of arc; and Maskelyne, after a trial 
A’oyage to St. Helena in 1761, during which he determined longitudes 
within 90 miles or so, prepared a guide, issued in 1763, in which he 
asserted his belief that the lunar method would determine longitudes 
always within 60 geographical miles on the equator and generally 
within 30 miles, if applied to careful observations. Encouraged by 
this progress, though the process involved was too laborious for sea- 
men to undertake, the House of Commons withheld the prize from 
Harrison and left an open chance for a lunarian during four years 
from 1763. 

In March, 1764, on another trial voyage to the West Indies, Har- 
rison s watch made a record even better than before, running four 
months with an error not greater than 10 geographical miles in 
longitude. Accordingly in the following year he was awarded one- 
half of the prize of £20,000; but at the same time, authority and 
funds were given for the publication of the Xautical Almanac, con- 
taining among other things tables of the moon’s distance from the 
sun, when suitable, and from seven fixed stars at intervals of three 
hours. Apparently the longitude commissioners were still in doubt. 

The tables of lunar distances in the Nautical Almanac, together 
with Maskelyne’s auxiliary tables, facilitated greatly the lunar 
method for finding longitude. But steady progress toward the per- 
fection of the chronometer maintained the superiority of the chrono- 
meter method of longitude determination, and soon after 1800 the 
longitude controversy may be considered to have been settled in favor 
of the accurate timepiece. 

The marvelous accuracy of the modern chronometer — of even the 
cheaper chronometers used in the mercantile marine — is illustrated 
by the steamship Orellana sailing from London to Valparaiso. In a 
voyage of 63 days the mean accumulated error of her three chrono- 
meters was only 2.3 seconds of time, or six-tenths of a mile in longi- 
tude at the equator, and less in higher latitudes. 

At the present time, since the Greenwich time can be sent out bv 
wireless from shore stations, in the problem of longitude determina- 
tion even less dependence need be placed on the chronometer, and the 
accuracy of such determinations is not necessarily appreciably dif- 
ferent from that of latitudes. 
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Equipped with the compass and log, sextant, chronometer, lead. 
Nautical Almanac, and the Requisite Tables the navigator was ready 
to sail with comparative safety over long voyages early in the nine- 
teenth century. The crying need was for more and better charts and 
for better knowledge of tides, winds, and currents. The establish- 
ment of the Admiralty Hydrographic Office of Great Britain in 1795 
marked a great step in advance in these directions. The first official 
catalogue of the Admiralty, issued in 1830. listed 962 charts. And 
in 1832 official tide tables were issued also by the Admiralty. At 
present the navigator’s charts cover all the important coasts and 
seas, with very full data of tides, winds, and currents. 

In the United States, marine chart work began in the Navy De- 
partment in 1837. From 1844 to 1861 the United States Observatory 
and Hydrographic Office under Lieut. M. F. Maury devoted itself 
not only to astronomical and hydrographic work but also to im- 
portant research in marine meteorology. This period is notable for 
the issuance of Maury’s famous ^‘Wind and Sailing Charts” and 
“ Sailing Directions.” It was Maury’s wish that the wind and sail- 
ing charts should be an exclusively American contribution to world 
navigation. In 1866 the hydrographic and meteorological branches 
were disconnected from the Naval Observatory and given to the 
present Hydrographic Office, and in 1904 the work of marine meteor- 
ology was transferred to the Weather Bureau. The United States 
Hydrographic Office conducts marine surveys, collects information 
for nautical publications, and prepares manuals, charts, sailing direc- 
tions, and nautical tables for the use of navigators generally. In 
a single year it prints about four hundred thousand charts and 
many more pamphlets and bulletins. It sells about one hundred 
thousand charts and books to navigators each year. The Unite<l 
States Coast and Geodetic Survey, as part of its activities, prepares 
and distributes tide tables and also charts and pilots of our coasts. 

In recent times the great development of modern ships in both 
size and speed has increased enormously the demands on tho^e Avho 
command and navigate them and has led to careful study and im- 
provement of methods in navigation. Simplified procedure, better 
tables, and a higher standard of preparation of the navigator have 
been realized. On the instrumental side the sextant and chronometer 
have been carried toward perfection, the sounding machine much 
improved, and the gyro-compass introduced. The original model 
of one of the best modern types of magnetic compass was patented 
by Lord Kelvin in 1876. The gyro-compaSvS is used side by side 
with the magnetic compass, but can not be said to have superseded 
it. The rotary or patent log came into general use about 1836. but 
was introduced in the form usually employed at present in 1878. It 
136650®— 20 10 



134 AKKTJAL PtEPORT S:VIITHSOXIAIjT INSTITUTION, 11)18. 


records the revolutions of a small screw towed by the ship and, 
like a speedometer, registers the speed of the ship and the distance 
run at any instant. 

The important features of modern practice in navigation may be 
brought out by a brief account of methods now employed. In plan- 
ning out in advance a long ocean voyage the navigator would first 
lay down on a chart the track from port to port. For this purpose 
the monthly Pilot Chart, which is a Mercator projection, would be 
preferred. It would be the navigator’s object to adopt the shortest 
route available, taking into account currents, winds, ice and other 
undesirable features of high latitudes, as well as specified lanes of 
traffic, and the intervention of land. Since the great circle route 
is always shorter than any other, especially between ports far apart 
in longitude and in high latitudes of the same name, a gipat circle 
chart is often used, for on such charts a great circle appears as a 
straight line. But since the track will be transferred finally from 
the great circle chart to one on a Mercator’s projection, which is 
more convenient for purposes of navigation, the course may be 
entered in the beginning on a Mercator's chart using the method 
proposed by Airy for drawing approximate great circles. On a 
Mercator’s chart the track followed by a ship steering a continuous 
course is a straight line (technically known as a rhumb line), and 
since ships rarely, if ever, steer on great circles and, instead, follow 
a series of rhumb lines like chords of the giTat circle track, differ- 
ing successively one or two degrees in direction, it is desirable to 
use a Mercator’s chart upon which each such course appears as a 
straight line. 

Having thus planned the most advantageous general track to fol- 
low, three methods are used to determine the position of the ship 
at any time during the voyage. These are (1) projecting the track 
on charts, ('2) simple trigonometrical calculations based upon the 
course steered and distance run as shown by compass and log, and 
(3) astronomical observations with sextant and azimuth circle. 

Of these the first is generally least trustworthy owing to the un- 
avoidably small scale of the charts. But when a ship approaches 
or leaves a coast, chart sailing becomes obligator}^ and large scale 
charts are available for the purpose. 

On leaving harbors, the so-called point of departure is found, 
possibly by astronomical observations but preferably by sighting on 
objects on shore as mapped on the chart of the port. In hazy weather 
especially, a continuous line of soundings at fairly even distances 
apart affords an additional control on one's position, and for this 
purpose the sounding machines invented by Lord Kelvin, permitting 
satisfactory soundings at speeds of 15 or 16 knots, are most useful. 

^ While in sight of land the course can l^e followed best by land 
sights and soundings, a method of navigation usually referred to as 
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piloting. Before losing sight of land the longitude and latitude of 
the last well-determined position found by methods of piloting is 
taken from the coast chart and transferred to the ocean or small 
scale chart and is considered as the point of departure. 

The point of departure is the starting point of the ocean voyage; 
and from that point the course and distance are laid down, being 
rectified whenever astronomical observations are available. More 
accurately, though less vividly than on the chart, the changes in 
longitude and latitude involved in each change of course are com- 
2 :>uted by j^lane trigonometry, using so-called traverse tables for the 
solution of the right-angled triangle involved. Such a method of 
keeping account of a ship's ^^osition on the basis of the course as indi- 
cated by the compass and the distance as indicated by the log, al- 
lowing for wind, current, and tide, is called dead reckoning. As 
bearing upon the accuracy of the log, it is interesting to note that 
some authorities, in the case of steam vessels, consider that the revo- 
lutions of the ship’s propeller, taking into account the ship's draught 
and the condition of the ship's bottom, afford the best means of esti- 
mating speed. 

Astronomical reckoning affords the most accurate means of ascer- 
taining j)ositions at sea, dead reckoning being carried along partly 
as a check but also to be relied on when weather does not permit 
observations of the heavenly bodies. 

Jfavigators will generally prefer to determine position from ob- 
servations of the sun, measuring the altitude of that body above the 
sea horizon. But simillar observations of the planets and brighter 
stars in twilight, when the horizon is well defined, afford even better 
determinations of positions at sea. In such a case the careful navi- 
gator, by observing for latitude two stars, one north and one south 
of the zenith, and for longitude two stars, one east and one west of 
the zenith can depend on a good result, especially if the stars in each 
pair are about at the same altitude and not too low in the sky. Since 
the moon also may be used when occasion arises, it is e\fident that the 
navigator seldom needs to go along without a good fix or determina- 
tion of position. 

The chief astronomical observations made at sea are those for 
ascertaining (1) latitude, (2) time and longitude, (3) compass error, 
and (I) latitude and longitude simultaneously. 

The 2 :)lan of many navigators is to observe with a sextant the 
altitude of the sun in the morning when that body is nearly above 
the east point, to determine local time and longitude. In tlie com- 
putation of local time it is necessary to adopt a latitude ol)tained by 
dead reckoning, but if the sun is well placed errors in the assumed 
latitude will introduce relatively small errors in tlie resulting ship's 
time. The longitude is obtained by taking the difference between the 
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ship s time and the corresponding Greenwich time recorded by the 
ship's chronometers. This longitude is carried forward to the fol- 
lowing noon by dead reckoning. The latitude at noon is determined 
by measuring the altitude of the sun on or very near the meridian. 
Another time sight may be made before sunset. Or if stars are 
used at twilight one is observed east or west for longitude and an- 
other north or south for latitude. A longitude by dead reckoning 
may be used first to derive the latitude and then with the observed 
latitude the longitude may be obtained, though in unfavorable cases 
more trials may be necessary. 

The newer methods, which are rapidly superseding other modes 
of ascertaining a ship’s position, are based upon the use of the Sum- 
ner line of position. In these methods each sextant altitude of a 
heavenly body is used to determine all it ever can actually give, 
a line on the sea on which the ship must be situated. Such a line, 
though in practice nearly always sensibly straight, is in reality an 
arc of a small circle on the earth's surface having its center im- 
mediately under the celestial object observed with a radius equal to 
the zenith distance of that object. The Sumner line may be defined 
by two points, in which case two longitudes or two latitudes are as- 
sumed or based upon dead reckoning and the other coordinate com- 
puted from the celestial observ^ation. Or the line may be defined 
bv one point derived in this or a similar way from the celestial ob- 
servation, together with the direction of the line, which will be at 
right angles to the direction of the body observed at the time of 
the observation. If the Sumner point, thus used in defining the 
Sumner line, is to be adopted as a point of departure, it is important 
that it should be a probable position, taking advantage of the evi- 
dence furnished by dead reckoning. In the Marc St. Hilaire method, 
which is generally preferred, this point is the intersection of the 
Sumner line with the vertical plane of the celestial object observed, 
assuming for the observer the position obtained by dead reckoning. 
Or, in other words, it is the point of the Sumner line nearest to the 
dead reckoning position. 

Some help toward an understanding of Sumner’s method will be 
found in an account of its discovery. Sumner sailed from Charles- 
ton, South Carolina, in November, 1837, bound for Greenock, Eng- 
land. After passing longitude 21° W. about 800 miles west of Lon- 
don, no observations could be made until soundings had indicated 
that the ship Avas near land. About midnight of December 17, dead 
reckoning indicated that the ship Avas within 10 miles of Tuskar 
light ofi’ the Irish coast opposite Wales, and the ship stood off the 
supposed shore to aAvait deATlopments. About 10 o’clock the next 
morning an altitude of the sun Avas obserA^d and the chronometer 
time noted, but. haAung run so far by dead reckoning, it Avas plain 
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that the knowledge of the latitude was not sufficiently reliable to 
afford a determination of longitude. Nevertheless Sumner computed 
his longitude, using the latitude by dead reckoning, and got a po- 
sition 15 minutes east of that by dead reckoning. Then in order to 
determine how far errors in his assumed latitude would affect the 
computed longitude he assumed a second latitude 10 minutes farther 
north and got a position 27 miles east northeast of the former posi- 
tion and toward the danger. A third assumed latitude still farther 
north gave a third point 27 miles still farther east northeast of the 
first point. Upon plotting these positions on a chart they were seen 
to be on a straight line and this line passed through Smalls light 
off the coast of Wales. Credit is due Sumner because he realized 
then that anywhere on the line he had determined the altitude of 
the sun at the time of observation would have had the value he 
measured, and that such would be the case only on that line. He 
therefore assumed that he was on that line and, keeping his course 
east northeast along it, made Small’s light in less than an hour. 
After hours of uncertainty off a rocky lee shore in the midst of a 
winter gale what must have been Captain Sumner’s relief when the 
lighthouse appeared ahead. Later it developed that at the time of 
his uncertainty his latitude by dead reckoning was 8 miles too far 
south and his longitude 45 miles too far west. The result to the 
ship might have been disastrous had this wrong position been 
adopted. 

In using SumneCs method in its simplest form, altitudes are 
measured of two suitable objects in quick succession or of the same 
object at two suitable times. Each observation gives a line upon 
which the ship must be situated. The intersection of these two lines 
of position gives the position of the ship. If the two observations 
are separated in time and the ship is moving, dead reckoning must 
be used to allow for the ship's change in position between obser- 
vations. 

Important advantages of the line of position methods are not hard 
to find. Every observation for position is treated in the same way. 
The method makes clear to the navigator how much information 
his observation actually yields. With available tables, including 
Lord Kelvin’s Sumner Line Table, the calculations may be com- 
pleted entirely without logarithms and with a minimum amount of 
vrork. When the value of the newer methods is realized by navi- 
gators it is not to be doubted that calculations for position will be 
based universally on the Sumner line. 

In considering the foregoing methods of fixing astronomically the 
position of a ship it is evident that, always when the two elements 
of latitude and longitude are determined at different times and fre- 
quently when they are determined by Sumner’s method, the navi- 
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gator has to depend partly on dead reckoning; also during cloudy 
Aveather out of sight of land he has to depend entirely on this method 
for his knowledge of the ship s position. Clearly then frequent de- 
termination of the error of the compass is a most important duty. 
In practice this error is found very simply by comparing the com- 
pass bearing or direction of a heaA^enlj" body with its bearing, de- 
termined by calculation if necessary, but usually taken from a table. 

The total error of the compass includes that due to actual known 
variation of the needle and also that due to deviations caused by the 
attraction of the iron of the ship. The former error can be found 
from charts and easily allowed for, but the latter is variable and un- 
certain and thus makes necessary the frequent determination of com- 
pass correction. It is customary to reduce the deviation error as 
miuli as practicable by the use of artifidal magnets, as well as 
spheres and bars of soft iron, mounted about the compass before the 
ship leaves port, but no arrangement known effects a permanent 
correction, 

A careful record of everything pertaining to the navigation of 
the ship with the results of all observations and cahuilated positions 
is kept in an official book, called the ship's log. Each day at noon the 
ship's position is computed by dead reckoning from the previous 
noon and also by astronomical observations when such are available. 
The course and distan<*e made good from the previous noon are then 
computed using astronomical position if available. Finally the 
course and distance are computed from the position of the ship at 
noon to either the port of destination or some prominent position or 
danger near which the vessel must pass. 

The needs of our rapidly expanding naval forces and the demand 
of our ncAv merchant fleet for thousands of officers have centered at- 
tention in instruction for the preparation of navigators. The ship- 
ping board schools, the naval schools and colleges, and also our uni- 
versities are making a creditable effort to meet the situation. The 
concrete result in trained men will undoubtedly fill all important 
requirements. But in addition it is reasonable to think that progress 
in the improvement of the art of navigation, in this countiy at least, 
Avill be stimulated. Awkward relics of former times may be hurried 
aside, ^^uch obstacles as the astronomical day may be removed. 
Certainly beneficial cooperation Avill follow in greater measure 
among navigators on vessels of the Xavy and the Merchant Marine 
and those who are experts in related fields on shore. 
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XATTJRK OF A TORNADO. 

The relation of a tornado to human life and property depends 
upon its nature. What it does is determined by ^\hat it os'. Briefly 
stated, a tornado is a very intense, prt)gressive whirl, of small diam- 
eter, with inflowdng winds, which increase tremendously in velocity 
as they near the center, developing there a counter-clockwise, vorticii- 
lar, ascensional movement the violence of whicli exceeds that of any 
other known storm. From tlie violently agitated main cloiul-inass 
above there usually hangs a writhing, fuimel-shaped cloud, swinging 
to and fro, rising and descending. With a frightful roar comes the 
whirl, advancing almost always toward the northeast with the speed 
of a fast train (20 to dO miles an hour or more), its wind velocities 
exceeding 100, 200, and probably sometimes 300 or more miles an 
hour; its patli of destruction usually loss than a quarter of a mile 
wide; its total life a matter of perhaps an hour or so. It is as 
ephemeral as it is intense. 

Fortunately for man, tornadoes are short-lived, have a very narrow 
path of destruction, and are by no means equally intense throughout 
their coui^se. Their funnel cloud, which indicates the region of 
maximum velocity of the whirling winds, ascends and descends 
irregularly. Where it descends, the destruction is greatest; where it 
rises, there are zones of greater safety. The whirl may be so far 
above the ground that it does no injury whatever. It may des(‘end 
low enough to tear roofs and chimneys to pieces. It may come down 
to the ground and leave nothing standing. 

D.V:\rAGE AND LOSS OF LIFE IX TORXADOES. 

The central low-pressure core of the tornado siirrounded by 
radially inflowing winds of moderate strength, aiul tlien, cIomu* to the 

1 Reprinted by from Nature, vol, 101, July IS, 101 S, pp. r,0r>— OOO : n.brtdj?ed 

by the aiitlior from Quarterly .Tournal of the Royal Meteoroloirical So(*i< ty, vol. <‘,3. Xo. 
ISO, July, 1917. 
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center, by spiraling and ascending winds of terrific violence ; strong 
enough to crush and wreck the strongest buildings; ascending with 
sufficient velocity to carry aloft objects so heavy that for wind to 
lift them seems almost impossible. The surface winds which take 
part in the vorticular inflow and ascent seem to be chiefly responsible 
for the damage and loss of life. There is, however, an additional 
factor. The central “ core,” surrounded by its whirling winds, has its 
pressure gi^eatly reduced by the centrifugal force of the whirl. It 
therefore exerts a powerful explosive effect upon near-by air at ordi- 
nary pressures, within buildings or in other more or less well-inclosed 
spaces. This curious but very widely-attested explosive effect ac- 
counts for many tornado “ freaks ” which can not be explained by 
any controls, either of radially or spirally inflowing winds, whatever 
their velocity. 

The damage done by tornadoes may be roughly classified as fol- 
lows : (1) That resulting from the violence of the surface winds, blow- 
ing over buildings and other exposed objects, crushing them, dashing 
them against each other, etc.; (2) that caused by the explosive 
action; and (3) that resulting from the uprushing air movement 
close around the central vortex. Carts, barn doors, cattle, iron chains, 
human beings, are carried through the air, whirled aloft, and dashed 
to the ground, or they may be dropped gently at considerable dis- 
tances from the places where they are picked up. Iron bridges have 
been removed from their foundations; beams are driven into the 
ground; nails are forced head first into boards; cornstalks are driven 
partly through doors; harness is stripped from horses; clothing is 
torn from human beings and stripped into rags. The damage is 
greater and extends farther from the center on the right of the track 
than on the left, for the wind velocities are greater on the right, as 
in the “ dangerous semicircle ” on the right of the track of tropical 
cyclones. 

The explosive effects are many and curious. The walls of build- 
ings fall out, sometimes letting the roof collapse onto the founda- 
tions ; cr the roof may be blown off, leaving the walls standing. The 
accompanying photograph (pi. 1) illustrates some of the damage 
which was done by the St. Louis. Mo., tornado of May 27, 1896. 
The surface of the ground may be swept clean, as if with a broom. 
Articles may be blown out of houses and carried to great distances. 
Empty bottles are uncorked ; feathers plucked from barnyard 
poultry; doors and windows blown out; soot rises from chimneys; 
niud penetrates clothing. 

Property damage in the United States due to tornadoes varies 
greatly from year to year, depending, as it does, upon the “acci- 
dental” passage of tornadoes through well-populated or through 
sparsely settled districts. In half an hour the St. Louis tornado 
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St. Louis, Mo., Tornado, May 27, 1896. Wreck of Car Barn. 

From the Quarterly Journal of the Royal Meteorological Society. 
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(May 27, 1896) destroyed property to the amount of $10,000,000 
in iSt. Louis alone. In some years the damage for the whole 
United States falls to but a few hundred thousand dollars. 

Figure 1 illustrates the tragic fate of one family in a tornado 
(May 30, 1879).^ A house was moved entirely from its foundation 
to the southeast, then broken to pieces and scattered along the 
tornado track to tlie northeast for more than a mile. The members 
of the household, consisting of father, mother, and four children, 
ran outdoors as the storm came. They first turned northwest, but, 
thinking that the tornado was coming toward them, they turned 
toward the east. One by one they were caught up and carried by 
the wind. The father and baby were carried 150 yards into a field 
to the northeast, and found in the agonies of death. The mother 
was carried eastward 75 yards, and dashed against a tree, around 
which she was partially 
twisted ; her skull was 
crushed and her clothing 
was stripped from her 
body. A girl was found 
dead 50 yards northeast 
of the house, in the 
direct path of the storm. 

A boy was blown into 
a haystack 45 yards to 
the northeast, and a 
girl was found 80 yards 
to the northeast lying 

in the tornado track. 

* 

Neither of these two 
children was seriously 
injured. Disasters sirni- 
lar to this one come all too frequently in the American tornado 
belt. 

Finley listed some 600 tornadoes, of which 40 were fatal to human 
life, causing a loss of 466 lives and injuring 687 persons.^ In the 
case of the St. Louis tornado (May 27, 1896) the loss of life was 
306. In fact, in this one storm the fatalities and the damage to 
property were greater than in any other single tornado on record. 
Prof. Mark W. Harrington, formerly chief of the United States 
AYeather Bureau, estimated that the chance that a tornado may, in 
any year, cross the particular locality where any individual may 

1 .T. P. Finley, “ Report of the Tornadoes of May 29 and in the States of Kansas, 
Missouri, Nebraska, and Iowa.*’ Professional Papers, United States Signal Service, No. iv, 
(Washington, D. C.. 1881.) 

“J. P. Finley, “Report on the Character of Six Hundred Tornadoes,” Professional 
Papers, United States Signal Service, No. vii. (Washington D. C., 1884.) 



Fig. 1, — Tornado, May 30, 1879. From the Quarterly Journal 
of the Royal Meteorological Soca^tv. 
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happen to be is 1 in 025,000, and not worth worrying about.’'^ 
The late Prof. Cdeveland Al)])e concluded that even in the so-called 
tornado States '' the j^robability of tornado destruction is less than 
that of lightning or fire.^ 

DISTRIBUTION OF TORNADOES IN PLACE AND TIAIE. 

The real home of the tornado is over the great lowlands east and 
west of the central and upper Mississippi and of the lower Mis- 
souri valleys, and, to a less marked degree, over some of the South- 
ern States. Tornadoes are rare we^t of the one hundredth meridian, 
and ven^ rare or unknown in the mountain areas. They have been 
reported from all States east of the Plains, but decrease markedly 
in frequency toward the north. They are rare in the Appalachian 
Mountains, and also infrequent along the Atlantic and Gulf coasts. 
The widespread impression that tornadoes are increasing in number 
in the United States is without foundation of fact. Tornadoes are 
reported with greater accuracy than formerly, and they are likely 
to do more damage than they used to do because the country is more 
densely populated. 

Tornadoes may appear in any month and at almost any hour of 
the day or night. Like thunderstorms, however, they distinctly 2 )re- 
fer the warmer months, and the hours closely following the warmest 
part of the day. Thus spring and early summer (April to July) and 
3 to 5 p. m. are their favorite times. 


TORNADO WEATHER TTPES. 


Tornadoes have much in common with thunderstorms. In fact, 
the}^ are, in reality, special local developments, of greater violence, 
in (‘onnection with severe thunderstorm^. The general conditions 
which produce these two phenomena are, to a large extent, identical. 
The essential ditference comes in the formation of the vorticular 
whirl in the tornado. Thus, like the largest and most severe Ameri- 
can thunderstorms, tornadoes occur as attendants of the parent 
cyclones of which they are the offspring. They are born, in the 
large majority of cases, in the area of warm, damp southerly winds 
flowing northward from the Gulf of Mexico in front of a general 
cyclonic storm. This storm is usually more or less elliptical or 
V-shaped, its major axis extending north to south or northeast to 
southwest from the Great Lakes, across the central lowlands well into 
the Southern States. The 'Gvind-shift line'’ or ^A'ritical axis’' is 
usually well marked. Xorth and west of the wind-shift line northerlv 
to westerly winds are blowing with relatively low temperatures, and 
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not infrequently with rain or snow. South and east of the critical 
axis there is a great flow of southerly or southwesterly winds with 
higher temperatures, usually sultry and oppressive weather, and 
often with rain squalls. When conditions are favorable, tornadoes 
are likely to occur in a district some 300, 400, 500, or more miles to 
the southeast, south, or southwest of the cyclonic center, near, but 
usually to the east of, the wind-shift line. Here the contrast be- 
tween the warm, damp southerly and the cool, dry northerly and 
westerly winds is sharp. Here is inevital)ly a zone of great dis- 
turbance; of overrunning, underrunning, and mixing: of turbulence: 
of instability; of local whirls. Here, aided by the local warming 
due to sunshine, are favorable conditions for breeding thunder- 
storms and, fortunately much less often, for developing tornadoes. 

The parent cyclone may travel many thousands of miles, a good 
part of the way round the world, yet in only one portion of its long 
course, in the Mississippi A^alley region of the United States, and 
usually only at one time of the year, in spring and summer, is just 
the right combination of conditions attained for developing the 
dreaded tornado. 

PKOTECTIOX OF LIFE. 

The possible protection and preservation of human life in tor- 
nadoes are very real and vital questions over large areas of the 
United States. From a long and intimate study of tornadoes, Finley 
deduced certain rules for the protection of life which have over and 
over again proved their accuracy and value. If a tornado is ap- 
proaching from west or southwest, and the observer is on or very 
near its probable path, the best thing to do, if there is time, is to run 
north. Dugouts ” or tornado-cellars should be provided near the 
house. The safety secured by means of dugouts is that they re- 
move persons who seek refuge in them from risk of injury from 
flying debris; also from the danger of being picked up by the winds. 

If there is no time to escape, the safest place is to >tand, face for- 
ward, against the west or south wall of the cellar, as near the south- 
west corner as possible. The reason for these precautions is this, that 
the debris of the house will, if the building is destroyed, be more 
likely to be carried toward the northeast. Hence northeast or east 
rooms and walls are least safe. If caught outdoors, and otherwise 
unable to escape, the be^t thing to do, as a last resort, is to lie flat 
on the ground in an open space, face downwards, the head to the 
east, and the arms placed over the head for protection. 

rROTECTIOX OF PROPERTY: TORNADO INSURANCE. 

In regard to the protection of property certain things are fairly clear. 
Tornadoes can not possibly be prevented, and no buildings, certainly 
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none of any practical use, can be built to withstand the violence of 
the wind in the vortex of a well-developed tornado. Hence the only 
resource left is to protect life and property to tlie best of our ability 
and with a knowledge of the facts which have been brought to light 
by a sane, unprejudiced, scientific study of the phenomena. Owing 
to the varying intensity of tornado violence and of the velocity of 
the surface winds, the damage done to different sorts of buildings 
varies greatly. If the intensity of the storm is not sufficiently great 
to destroy everything in its path, the damage done by the less violent 
winds will obviously depend largely upon the strength of construc- 
tion and upon the building materials. It was Finley’s advice to 
build ‘‘as you would without the knowledge of a tornado.” He 
found, however, that, other things being equal, a frame building 
seems to resist destruction better than one of brick or stone. The 
modern steel-construction buildings have some of the “ elastic ” 
quality which renders frame structures safer than the more stable 
and solid ones of stone or brick of the older style. It makes little or 
no difference in the end whether a building is in a valley or on a 
hill. 

In view of the property loss occasioned by tornadoes it is natural 
that tornado insurance has become a widespread and popular method 
of financial protection. So far, however, the business has not been 
carried on upon a thoroughly scientific basis. Tornado insurance to 
the amount of several hundred millions of dollars is carried, largely 
by general fire insurance companies, and partly by local mutual 
insurance companies. The definition of a tornado is usually crude 
and unscientific, and there is much unnecessary confusion. It is true 
that the more conservative companies do prohibit some “risks,” 
such as windmills, old and frail buildings, large plate-glass windows, 
and the like. It is intei'esting to note the marked rise and fall of 
the amount of tornado insurance with the occurrence in any year of 
severe or destructive tornadoes. Closely following the St. Louis 
tornado of May, 180G, there was an increase of tornado insurance of 
nearly $10,000,000, and after the Omaha (Nebraska) tornado of 
Easter Sunday, 1913, several million dollars’ worth of tornado in- 
surance was written in Omaha and the surrounding districts, which 
were at once thoroughly canvassed by insurance agents. Many new 
dugouts and cellar caves were built at the same time. As Prof. II. E. 
Simpson^ has pointed out, tornado insurance risks differ from 
others in several ways, notably in the fact that there is no criminal 
hazard present; for people can not remove, or explode, or destroy 
their buildings for the sake of the insurance, on the plea that the 
damage was done by a tornado. It is obviously wise to scatter 

1 ir n. Simpson, “ Tornado Insurance.” Monthly Weather Review, vol. xxxiii., pp. 
§34-539. (Washington, D. C., Pecember, 1905.) A short bibliography is appended.*’ 
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tornado risks across, not along, the usual path followed by tornadoes. 
The complete destruction often caused by a single tornado makes it 
extremely unsafe for any local mutual insurance company to insure 
over a small area only, where the loss occasioned by one tornado 
may ruin the company. On the whole, general tornado insurance 
in the “tornado belt,” and buildings erected without regal’d to the 
possibility of tornado occurrence, seem to be the best policy. The 
present status of tornado insurance in the United States is an ex- 
cellent illustration of the mistakes which are made when thoroughly 
well-establihhed scientific facts, which are easily accessible to the 
public, are disregarded. 




WIND POWER.’ 


l>y JAilLS C'ARLlLf. 


There used to be windmills; why have they gone? Those who 
watched their gradual disappearance probably looked upon it as a 
sign that the age of steam had superseded the age of wind. But 
the explanation is inadequate. There were a great many factors 
involved in the decay of the old windmills. They were, in the first 
place, costly to build, involving the erection of a lofty tower stand- 
ing on a considerable area of land; then they were difficult to 
manage, the process of reefing in liad weather being attended wdth 
many accidents and not seldom with loss of life: again, they w’ere 
uneconomical in working, utilizing but a small fraction of the avail- 
able wdnd energy; they were seldom erected in the most favorable 
positions, and were most numerous in those parts of the country 
in wdiich our wdnd powder is least exhibited. But the most potent 
cause of the decay was a growdng preference on the part of the 
public for a wffiite loaf made of blended flour; this it w^as wdiich 
finally gave an overwhelming advantage to the steam mills situate 
near the ports of entrj' for foreign grain. 

Still, the windmill never quite ceased to exist; it continued to 
do pumping work in the Cornish mines and in the Lincolnshire 
fens: and its great utility as a pumping agent led to its revival in 
an altered form for this particular purpose. Small mills on steel 
frames, of what is knowui as the American type, began to appear 
in our nursery gardens, in private estates, in farmsteads, and even 
in public undertakings, until, at the present day, there are more 
w indmills w’orking in England than there were GO years ago. Xo 
doubt their use for public wuiter works w ould have been more exten- 
sive but for the regulation of the local government board wdiich 
practically forbade district councils to use them unless accompanied 
by auxiliary steam power. The regulation seems a little difficult 
to justify, except on the principle that it is better to have no water 
at all rather than to have it for six days out of seven. Those 
councils w’ho have complied with the stipulation of the board have 
Usually found that the auxiliary plant has not been required. 

Tw’o instances will suffice to show the very substantial nature of 
the w'ork accomplished by these pumping engines. One windmill, 

1 Reprintt'd by permission from The Ediiiburj^h Review, October, lOlS, 
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40 feet in diameter, erected by a private firm on an estate in York- 
shire, raises during a steady breeze 3,000,000 gallons of water 
through a height of 10 feet in 24 hours. Another mill of similar 
dimensions installed by a district council to supplement a steam 
pumping plant has saved the council 200 tons of coal per annum 
and has cost nothing in upkeep. It may seem strange that a power 
showing such substantial results should not have been applied to 
other purposes. But it may be remembered that for many years 
after Watt’s inventions the steam engine still continued to be used 
for no other purpose than pumping. And in the case of the wind- 
mill there are certain specific drawbacks which have militated 
against its general adoption as a prime mover. 

The first defect is that the power hitherto obtained has been but 
a small fraction of the available wind energy. The old corn mill 
probably did not extract more than 5 per cent of the energy 
theoretically obtainable from wind pressure on its sail area. The 
modern or American type does better, perhaps to the extent of 10 
or 12 per cent of the available energy, but not more. The figures 
quoted above (30,000,000 foot-gallons a day) sound large, but they 
do not represent more than 7 horsepower, as against 40 horsepower 
which might be obtained from a thoroughly efficient wind engine of 
equivalent area. 

In the second place, the speed of the sails at their circumference 
is greater than the speed of the wind, and it increases without 
limit, so that in violent storms the disruption point is reached. In 
the old type that was avoided only by reefing; in the American 
type it is avoided by adjusting the inclination of the vanes; but 
in neither case is safety assured. The chance of being wrecked by 
storms has led to a preference for small mills. 

In the third place, the variability of the power, while it does not 
matter for pumping, is a stumbling block in the way of direct ma- 
chine driving. So long as the mill is pumping only it does not matte • 
whether it is pumping faster or slower: but if it were driving a 
circular saw or a loom some profusion would have to be made for 
adjusting the speed to tolerable uniformit}". 

Three things are therefore desirable in a really efficient engine: 
First, the devising of a motor which wmuld utilize more of the wind 
energ}"; secondly, the invention of means of regulating speed: and 
thirdly, the devising of some means of storing power. All these re- 
quirements have now been met. 

In 1881 Lord Kelvin (then Sir W. Thomson) referred to the sub- 
ject of wind-power utilization at the meeting of the British associa- 
tion. He pointed out that since the invention of storage batteries 
there was no longer any need to neglect such an important natural 
source of energ}^ since the surplus power of a period of high winds 
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could be accumulated and utilized in a period of calms. Acting upon 
this hint, one of Lord Kelvin’s pupils, James Blyth (afterwards pro- 
fessor at Glasgow Andersonian College) made a series of experiments 
which led to the construction of a very efficient and economical wind 
motor. Bernoulli and Maclaurin had shown that in theory the most 
efficient form for a windmill would be a cup or box consisting of 
half a sphere or half a cylinder revolving in the line of the wind. 
Kobertson adopted this type for his anemometer, the four cups of 
w hich are familiar objects at our observing stations. These four cups 
constitute a body revolving in a resisting medium, and can not ex- 
ceed a certain limiting speed. In the usual form of anemometer 
that speed is one-third that of the wund. 

Upon this sound theoretical foundation Professor Blyth saw’ the 
possibility of designing a wind motor which would develop more 
power than the old sails, while it would be more economical in con- 
struction and free from their defects in working. For the cups of 
the anemometer he substituted boxes, semicircular in section, which 
he mounted on arms extending at right angles from the shaft. Using 
boxes 10 by 6 feet, he found that his motor developed eight horse- 
power in a very moderate breeze, and, moreover, it justified his ex- 
pectations in other respects, and could be left free to run by itself 
in the strongest gales without suffering injury. After using his mill 
fur some years for the purpose of electric lighting, Professor Blyth 
was sanguine enough to prophesy that before long electric light and 
power w’ould be supplied over a large part of Great Britain b}" the 
use of w ind engines on his model. 

Possibly the inventor's early death led to the oblivion wdiich his in- 
vention has suffered. More probably the neglect is due to our pre- 
occupation w ith the ideas of coal and steam, which lead us to con- 
template any alternative source of power with a smile of derision. 
We have grown accustomed to regard the hewing and carrying and 
burning of coal as the first essential of industry and even of life, and 
have regarded the multiplication of railway sidings wdth their miles 
of laden or empty trucks as signs of material prosperity. But the 
war has opened our eyes on this subject as on others, and in some 
measure we are prepared for the conclusion that the internal trans- 
port of coal is a w’asteful and disagreeable necessity which in a w’ell- 
ordered community would be reduced to a minimum. And when, in 
addition, we are confronted with a rise in price to at least double 
its pre-w ar quotation, the (iuestion of an alternative source of pow’er 
which does not need raihvay transport and storage, and does not 
require the assistance of highly paid middlemen and brokers, be- 
comes a question of truly practical politics. Tliere ought, therefore, 
to be a chance for the element which has so often befriended us. 
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The first consideration is whether we have a sufficiency of wind- 
pow’er presented to us by Nature in these islands. It is the firm 
conviction of the land dweller that nothing is more uncertain or in- 
constant that the wund; and even the yachtsman wmuld agree with 
him that there are times of jirovoking calm and seasons of needless 
activity. But neither the pedestrian nor the yachtsman is an ade- 
quate authority. Calm as it may seem on land or on the surface of' 
the w’ater, there is almost ahvays a luovement of the upper air. The 
records of the too short-lived observatoiy on Ben Nevis disclosed 
many occasions on which the observers had to struggle, roped to- 
gether, against an 80-knot breeze at a time when scarcely a ripple 
disturbed the surface of Loch Linn he below\ The records of Amer- 
ican observatories confirm the conclusion that w ind speed uniformly 
increases with the elevation at w hich it is recorded. 

Even near the ground a condition of absolute calm is rarer than 
•would be anticipated. The longest continuous records that w'e 
have are those of Greenwich Observatory, and they show an average 
of 15 days calm in a year. But the Greenwich anemometer is not 
favorably placed, being unduly sheltered from the south and soiith- 
west, and it is quite certain that if it w ere 50 feet higher its record 
of calm w ould he diminished. It seems jirobable that at a height 
of 100 feet from the ground the exi:-tence of absolute calm is an 
event of extreme rarity, and that if we could place a wind motor at 
a height of 1,000 feet above the surrounding land Ave could rely on 
its working for nineteen-twentieths of the time. 

The records of the meteorological office furnish us with actual 
experience of the wund movement at different observing stations for 
several years past. Some of these stations are, it is true, badly 
placed, and their instruments are not so favorably situated as a 
wundmill Avould be; but they are for tliat reason a safe guide to the 
minimum of expectation. The following facts emerge clearly from 
the records. Our prevalent w inds are southwesterly, or a few points 
on each side; these occur on 188 days in each year. It is therefore 
obvious that the area in Avhich the best windpow’er is developed lies 
on or near our Avestern coasts. On the other hand, the easterh^ 
breezes wdiich are felt most strongly on the eastern coasts do not lose 
quite so much of their force in passing over the midlands as do the 
southAAesterly Avinds, Avhich are partially intercepted by the higher 
ground of our Avestern counties. There are, therefore, three zones 
of decreasing Avind strength, the western coasts being the highest, 
next, the eastern coasts, and last, the midlands. Taking the average 
of seven observatories near the Avestern and southern coasts, it ap- 
pears that a wind velocity of 4 miles an hour and upAvard is ex- 
perienced during T,450 hours out of the 8.700 hours in a year, and 
the Avind A’elocity most frequently recorded is from 15 to 17 miles 
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an hour. A^rain, taking the average of nine observatories on the 
eastern coasts and inland, a wind velocity of 4 miles an hour and 
upward is experienced for TjldO hours in months, and the most 
usual velocity experienced at these stations lies between 11 and 13 
miles an hour. In both areas there are certain stations at which 
these %'ures are much exceeded, some places recording a working 
breeze for more than 8,000 hours, and one or two stations giving 
a most usual wind speed of 19 miles an hour. For the reason already 
given the average both in duration and intensity may safely be 
taken as an underestimate. 

It is clear that a power which is px'esented to us in such quantity 
is worth using for purposes other than pumping, and that wind- 
power stations might with great economical advantage be established 
in all those parts of our islands which are remote from the coal- 
fields. The objection from an engineering point of view would 
doubtless be that such power would have to be developed in small 
units. If the only object in generating power were to use it on a 
large scale such an objection would be conclusive. We are never 
likely to construct a wind engine which Avould develop even a 
thousand horse-power at one spot: and there are of course certain 
specific objects for which a larger power than this is required, such, 
for instance, as the extraction of nitrogen from the atmosphere, or 
the preixaration of aluminum. But if the power at the generating 
station is required simply for the purpose of distribution in small 
units over a large area, then the object might equally be attained by 
local generation in small quantities. It becomes purely a (piestion 
of economy, in which the determining factors are the original cost 
of construction, the expense of uiaiiitenance, and the loss of power 
through leakage in transmission. 

It is these factors wdiicli distinguish the case of electric generation 
in industrial districts. Here there is power re(iuircd which must be 
got from coal ; it is i^Hjiiired, moreover, in ditfereiit quantities, for 
different purposes, and in different parts of a certain well-defined 
area. It would be wasteful in the extreme — or, rather, we should 
say it is wasteful in the extreme — to have a iiiimber of generating 
stations working on different systems, serving adjoining portions 
of the area. The committee whicli has l>een investigating this sub- 
ject has presented a report in which there i> no trace of doubt, reser- 
vation, or hesitation whatever. It shows that our existing sy-'tem 
of electrical generation involves an absolute waste of 50,000,000 
tons of coal a year. There are COO electrical undertakings in Great 
Britain, and their average size is one-thirtieth oi the size of a really 
economical power-station unit. In only one part of England has 
an ideal electrical station been e^tal dished, and that is on tlie north- 
cast coast, with Newcastle as its lieadquarters. Electrical po^ver is 
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available all over this area for less than a halfpenny a unit Com- 
pare this with Lancashire, a larger and more densely populated area — 
in fact, the greatest industrial area in the world. In Lancashire 
there are 23 borough generating stations, and the charges per unit 
vary from three times to six times the charge in the Newcastle area. 
There can be no doubt that if the Lancashire district were supplied 
from one center the cost of electric power in the county would in- 
stantly sink to even less than the price in Newcastle. 

The attention of our engineers has very naturally been directed to 
the generation of power from coal or falling water. Nor can any- 
thing be more completely satisfactory than a water-power station in 
a situation where natui^e has provided the necessary head. But in 
our islands such opportunities exist only in small and isolated units, 
and the fluctuating character of our Avaterfalls is sufficient to convince 
us that the construction of a large installation is at the best a doubt- 
ful experiment. The amount of our rainfall is easily exaggerated. 
Figures of 130 inches taken fiT>m one locality in Cumberland, and 
100 inches from one locality in Inverness, seem to show that the 
quantity is sufficient to justify a large experiment. But as a fact the 
areas over which such a fall 0 (’curs are exceedingly circumscribed. 
There are only flve small patches of giuund in which an average fall 
of more than 80 inches is recorded — one in the lake district, one in 
the Snowden range, one in Ross, and one in Inverness; there may be 
a sixth not yet identified. But even including those isolated patches 
there are only nine stations in Great Britain in which an average 
fall exceeding 00 inches has been recorded. It is therefore evident 
that in order to secure a steady head of water for a large installation, 
an extensive area has to be inclosed and converted into a water-tight 
reservoir. The recent project of the aluminum (“ompany involved 
the inclo.'^ure of 250 sfjuare miles of country, and the expenditure of 
2,500,000 htculing. And, after all, it would have given employment 
to but a handful of people: whereas the expenditure of the same 
capital on 2,000 separate wind-power stations might conceivably 
double the productive capacity of a considerable section of the 
population. 

There is, however, a possibility of providing water power on a 
large scale on the coasts of these islands, provided only that w^e use 
sea water and employ windmills to pump it. There are on the 
western coasts certain inlets wdth narrow entrance and considerable 
internal (‘apacity. If the entrance w^erc closed, up to the summit 
of the cliffs, a wdndmill or two on the top of the sea w^all w^oiild 
suffice to maintain a luaid of 150 foot of w ater. The cost of construc- 
tion w'ould bo trifling wdion compare<l w'ith the cost of an inland 
power station, while the co-t of upkeep w^ould be very small. There 
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is one such fjord which, so treated, would furnish a power station 
comparable with any in Europe, but for the sake of our dwindling 
scenes of peaceful beauty we may hope that it will escape the notice 
of the large-power enthusiasts; for all England is not yet an in- 
dustrial area, and we need something which, without involving the 
extension of the industrial areas, will render our handiwork more 
productive in the village and the countryside which yet remains 
unspoilt. 

Let us imagine one form which a wind-power station might 
take. A steel shaft with four semicylindrical boxes at right angles, 
the shaft revolving in a cup which is itself secured by four chains 
extending to the ground, would constitute the motor, and it would be 
entire!}^ unconnected with the main building except by the belting 
from the flyAvheel below to the shafting in the machinery annex. 
The millhouse would consist of the central hall through which the 
shaft rises and in which the flywheel revolves. The four annexes 
would diverge from this central hall. One would contain dynamo 
and gear, accumulator cells, and other electrical eciuipment : a second 
Avould contain circular saw, planing machine, and other woodwork- 
ing appliances; a third would be devoted to chaff cutters, grindstone, 
root-pulpers, and other agricultural machinery ; and the fourth would 
be reserved for looms, heavy sewing machines, or any other ma- 
chinery likely to be in special demand in the district. When there 
was a working wind, power (*ould be communicated direct to the 
shafting in one or other of the machine rooms: and when the 
machines were not in actual use it could be communicated through 
the dynamo to the a(‘Cumulator cells, or else could be utilized to pump 
water into an elevated reservoir. If both reservoir and batteries 
were fully charged the belting could be withdrawn and the shaft left 
to revolve by itself. 

The ground space occupied by such an installation need not ex- 
ceed 2 acres; the building would re<pure little strength or solidity, 
and might bo constructed of the partition blocks with which neces- 
sity has recently made us familiar; the whole installation, of dimen- 
sions capable of giving 10 horsepower with a 15 mile breeze, could be 
erected for a few hundred pounds. If such a powerhouse were 
built in a suitable locality, it would not take many months to out- 
live the first period of ridicule and neglect, and within two years many 
parish and district councils would desire to become posse-^sed of their 
own stations, from which they could supply electric light and power 
in their own neighborliood, and in whicli they could let the use of 
specific machineiy at so much per unit or per hour. 

There is even a possibility of the employment of windpowor on a 
larger scale. In Denmark, where small wind installations lune been 
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at work for some years and where they have lately increased rapidly 
in number, a station intended to develop 200 horsepower is now in con- 
templation for the use of a bacon factory. The project may be too 
ambitious, but that it should be in contemplation is proof that the 
plan has been a commercial success in a country in which the average 
windpower is decidedly less than in Great Britain. And it may be 
added that certain devices recently invented by Prof, La Cour of 
Copenhagen have completely solved the mechanical difficulties in 
the way of adjusting the variable power of the motor to the work- 
ing of a dynamo without injury to the accumulators from any sud- 
den drop in wind energy. 

Meanwhile the winds have another call upon us — a call from the 
sea, no less insistent than that on land. They are constantly I'e- 
niinding us that we are an island people with vast dominions across 
the seas, and that our home is not only these islands but also these 
possessions and the ocean which lies between. In the Crown colonies 
there are territories which have been in our possession for 150 years— 
territories teeming with produce awaiting our handling, and yet in 
whose ports a British ship is rarely seen. Trade has not followed the 
flag, and one reason is that the sailing vessel has been neglected 
to the point of disappearance. 

Here, again, as in the case of the windmill, it is advisable to con- 
sider the specific causes of disuse. Let us carry our minds back to 
the year 1830. A committee of the House of Commons was then 
sitting to consider the pos'-ibility of sending the Dublin and Holy- 
liead mail by steamer. This, be it remembered, was nearly a genera- 
tion after Fulton and Symington, and at a time when steamers had 
been plying on the Mississippi fur 20 years. It was the time, more- 
over, when the experts, headed by Doctor Lardner, had demon- 
strated to their own satisfaction that useful as a steamer might be 
on a river it could not possibly undertake a long ocean voyage. 
Up to that time the winds had not merely ground our corn, but had 
borne all our ocean traffic, maintained our colonial connections, con- 
ducted our commerce, won our naval victories, and established our 
position in tlm world. '' Sea power," to use ilahan's phrase, then re- 
solved itself into capacity for utilizing wind power. It is largelv 
the truth that our Empire was created, preserved, and sustained by 
our skillful use of the wind. But that era was already drawing to a 
close. AVith the improvement of marine engines, and especiallv with 
the great economy in fuel following the introduction of com]>ound 
engines. Dr. Lardner's jirediction that the steamer could not pro- 
vi<le cargo space was falsified, altliough it was a perfectly reasonable 
objection at the tim(‘ it was uttered. 

Jhei*(‘ lollowed a ])eriod in which the sailing ship was so far de- 
veloped an. I improved that it frequently distanced the steamer bound 



WIXD POWEE — C^VELILL. 


165 


on the same voyage. But the screw and the compound engine to- 
gether decided the issue of the duel. Then came the question whether 
the new power could not be used in combination with sails. Many 
experiments, now forgotten, were tried with this object. The navy 
was very unwilling to part with the power which had so long been 
its prime mover. Even merchant shq^owners were reluctant to part 
with the clippers which had built up their commerce. But in the 
course of experiments to combine sail and steam it became apparent 
that the space demanded by engine and boilers and bunker coal, to- 
gether with the quarters of an engineering staff in addition to the 
large number of hands required by a full-rigged ship, Avere too great 
a tax on the cubic capacity of the hull and left little space available 
for cargo. 

Xow. if we consider the conditions of the problem we shall see 
that they have much altered sincp the days when it was dismissed 
as impracticable. The invention of the internal combustion engine 
with oil as fuel has reduced the space taken up by the engines by 
nine-tenths. It is now possible to fit a sailing ship with auxiliary 
screw and oil engines without interfering materially with her carry- 
ing capacity, and experimental voyages undertaken by the firm of 
Preuthout le Bland, of Havre, have demonstrated the commercial 
economy of the sailing ship so equipped. Moreover, for certain voy- 
ages — routes in winch the trade winds play an important part — it 
has been demonstrated both by German and French shipowners, 
before the war, that it is actually cheaper to tow a sailing vessel to 
the trades than to employ steam for the whole voyage. A fortiori 
with coal at double the price the advantage Avill be greater. 

It has now bec'ome a matter of importance to us that our coal re- 
serves slmuld not be wasted in work which can be done equally well 
by po^er whic‘h is supplied to us gratuitously. Of the 20,000,000 
tons of coal which we annually export to our coaling stations abroad, 
a considerable poilion inight be carried by the wind, just as well as 
by steam. Part aPo of our annual imports might without dis- 
advantage be carried by the same agency. But an even more im- 
portant (*onsi deration is the opening up of trade routes to certain of 
our crown colonies which are neglected by the steamship because 
they do not afford suffident opening for regular periodical voyages. 
In these smaller trades to out-of-the-way places there is undoubted 
scope for sailing ships fitted with auxiliary petrol engines. Here is a 
considerable field of enterprise which is open to the sailing ship with- 
out challenging by direct competition the lines of traffic already occu- 
pied by steamship companies. And it is moreover a field in which 
fhe ancient spirit of the merchant adventurer may be revived. 

Ever <ince the complete triumph of steam the tendency of mer- 
chant shipping has been toward consolidation, combination, amalga- 
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niation of rival companies, and the like forms of monopoly. Compe- 
tition and commercial rivalry are becoming extinct, and the ocean, 
like the land, is parcelled out into spheres of influence and zones of 
exclusive dealing. The sailing vessel alone furnishes the chance for 
the small capitalist. It can be built at a more moderate outlay, its 
upkeep costs far less, it deteriorates less rapidly, and may still keep 
the vrater long years after the steamer has been broken up for scrap 
iron. A sailing vessel gives a chance to cooperative enterprise, for 
there is no reason why the profit sharing, which was the basis of 
the old whaling voyages, should not be aiiplied to every trading voy- 
age. Just as the ship may be owned by individuals, so the profits 
of the voyage may be shared b}^ the adventurers, the master, and the 
hands, every one having his personal profit in the success of the voy- 
age. Under such a system the men*hant service would receive a 
great impetus. It would attract a higher type of re(Tuits and it 
would call forth and educate their best qualities. After all, Great 
Britain is and will be what her seamen make of her and what she 
makes of her seamen. So long as her young men desire to go to sea, 
and so long as she treats them well when they have entered on her 
service, be it naval or mercantile, so long is Great Britain's position 
among nations secure, even against the enhanced rivalry with which 
we are threatened after the war. 





A TRIBUTE. — SAMUEL PIERPORT LANGLEY: 
PIONEER IN PRACTICAL AVIATION.^ 
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It may be safely assumed, I think, that mankind from its earliest 
period of self-consciousness had aspirations of flying. In primitive 
times birds were more abundant and varied than at present, at least 
in civilized countries, and the ease and grace of their flight must have 
profoundly impressed the rudest races. The legend of Icarus and his 
waxen wings is one of the expressions of this feeling. Among the 
world-wide and very ancient witchcraft legends we find the gift of 
flying a usual feature. In the later phases of these superstitions, 
especially as they appear in English-speaking nations, the highly un- 
romantic method of broomstick flight is eminently characteristic. 

Notwithstanding all aspirations, no practical method of flight by 
human beings can be demonstrated until 1783, when the brothers 
Montgolfier sent up a hot-air balloon. Hydrogen gas was soon after 
substituted for air, and the balloon in substantially its present form 
was produced. The standard form of balloon, however, does not fly 
in the full sense of the word ; it simply floats in the air, subject to the 
currents thereof. Its modification, the dirigible, which has acquired 
such prominence in recent years, especially in the form known as the 
Zeppelin, has solved some of the problems of flight, but it is an ex- 
pensive. complicated, and untrustworthy form, and has very limited 
practical application. 

All creatures that fly are heavier than air, and this leads to the 
view that it will be by the method they use — namely, reaction upon 
the air as a material substance — ^that true flight will be obtained. 

This was Langley s view, and it is to his honor that he insisted on 
this principle, and pointed the way, both in theory and practice, to its 
accomplishment. It is the purpose of this paper to summarize his 
main work, and to present his claims to the gratitude and admiration 
of the American people. The history of the later years of his life, 

^Prpsontoa at a nipetiiig of the Alumni A'.^oc*iatioa of the Franklin Institute, held 
Thursday, Oet. HI. 1918. R(>printed by permission from the Journal of the Franklin 
Institute, vol. 187, No. 1, January, 1919. 
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when he was approaching the solution of the problem, in fact, had 
attained it, is one of the tragedies of science, and a painful reminder 
of the gap that still exists between the true scientist and the mass of 
the community, even in highly civilized lands. 

It would, however, be inaccurate to claim for Langley absolute 
priority for the idea that a heavier-than-air machine can be made to 
fly. To think of an invention is a simple mental effort, and there are 
few of the great inventions or discoveries of the modern time that 
can not be found foreshadowed in the records of the past. A Greek 
poet describes in set terms the invention of submarine warfare, when 
Scyllus and his daughter, export swimmers, dived at the sides of 
Xerxes’ ships, cut the mooring cables, and thus caused many ships 
to drift to their destiaiction. 

About the time of the discovery of America that remarkable and 
versatile genius, Leonardo Da Vinci, wrote an essay on the flight of 
birds, and referred to the possibility of human flight. I have not 
been able to consult the original essay, but notes thereon, by Da Vinci, 
have been translated,^ and from this text I make a few selections : 

I have divhled the Treatise on Birds into four books: of which the first treats 
of their flight l)y Ideating their wings; the second (jf flight without beating the 
’wings, and witii the help of the wind: the third of flight in gtaieral, such as 
that of birds, bats, fi'<hes, animals, and insects ; the last of the mechanism of this 
inovemiait, * * * 

Remember that your ])ird should have no other model than that of the bat, 
because its membranes serve as armor, or rather as a means of binding to- 
gether the pieces of its armor, that is the framework of the wings. * * h: 

The bat is aided by the membrane which binds the whole together, and is not 
penetrated by the air. 

Uissect the ]>at, study it carefully, and on this model construct the machine. 

The bird I liave described ouglit to be able by the help of the wind to rise to a 
great height, ami this will prove to be its safety; since even if all the above- 
mentioned revolutions were to befall it, it would still have time to regain its 
equilibrium; iu‘ovided that its various parts have a great power of resistance 
so that they can safely withstand the fury and violence of the descent, by the 
aid of the (hd’ences which I have mentioned; and the joints should be made 
of strong tanned hide, and sewn with cords of very strong raw silk. Ami let no 
one encumber himself with iron bands, for these are soon broken at the joints, 
or else they become vv'orn out, and corisequently it is well not to encumber one’s 
self with them. 

It will be seen from these quotations that Da Vinci's plan rvas to 
equip a man with wings to be operated by his muscles, probably 
those of both legs and arms, for in another note he states that the 
muscles of the legs are much more powerful than the ordinary work 
done by them re(inires. He did not contemi)liite the use of machinery. 
It nmst he borne in mind that in that day, no powerful, portable 
prime morer was known. 


• Leona nlo r»n Viiu-i's Xote Rook'^. 
ImokwortU A . P.HHl. 


Translated ],y Edward MrOnrdy, A London, 
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Plate 3. 



The Quarter-Size Model Flying Over the Potomac River on August 8, 

1903. 


Tills niachme was built in 1000-1 Wl, principally to te<t certain features of liaianema, etc*., for the Urae 
inachme; and thahts were first made witli this model as early as Jum‘,'TJ 0 l. 
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Attempts have been made to credit Da Vinci with the anticipation 
of the modern aeroplane, but there is nothing in his essay which can 
justify this claim. He made a study of the flight of birds, but his in- 
ferences were not correct in some imimrtant respects, and while we 
may give him credit for scientific method, it is apparent that he 
“ thought of ” rather than “ thought out ” the problem of human 
fliglit. Langley does not appear to have been acquainted with Da 
Vinci’s work, at least it is not quoted in any of his widtings that I 
have consulted, and in the article in the ninth edition of the Ency- 
clopedia Britannica, which is given among his references, there is no 
mention of Da Vinci’s investigations, but these are briefly noted in 
the eleventh edition (article on Flight and Flying’’). 

Claims have been made for many experimenters and investigators, 
as having made flights with small machines, but definite data have 
rarely been furnished, and it is probable that Langley is justified in 
his claim that until the experiments in May, 189G — to be later de- 
scribed — no true flight of a heavier-than-air machine had been made. 

Machines based on the principle that Da Vinci discussed have been 
built and operated by several investigators. These have been mostly 
gliders,” enabling the person to make a slow, inclined descent from 
a high point, but not conferring the power of rising from the ground 
or alighting at a given place at a considerable distance from the 
starting point. A glider of this type was constructed by Otto Lilien- 
thal, and operated many times in the year 1896. He was killed by 
tlie upsetting of his machine in a gust. Percy Pilcher made many 
such flights in 1899, but also lost his life in an accident. Octave 
Chanute, however, made over a thousand flights without injury to 
himself. These operators sometimes made their flight by running 
the machine, or having it pulled, against the wind and thus rising 
from the ground much the same way as a kite is flown. It is obvious, 
however, that these machines do not solve the problem of flying in 
its important practical applications. It is also obvious that modern 
flying machines, whether the dirigible balloon or the aeroplane, do 
not act wholly on the principles of flight by the bird or insect. 

It is interesting to note that in animals the ratio of wing area to 
weight diminishes as the weight increases. Thus, according to the 
Encyclopedia Britannica, the wing area of the dragon fly is, in pro- 
portion to its weight, nearly 25 times that of the pigeon. 

Langley began his investigations in 1887 at the Allegheny Ob- 
servatory. At that time he was not aware that any other investigator 
had accomplished anything along the lines that he Avas Avorki ng, but 
he subse(|uently found out that A. Penaud, an ingenious French 
mechanician, had made in 1872, a machine about 20 inches long 
lesembling some of the simpler modern aeroplanes, using twisted 
rubber as a motive power. He had described this in a journal called 
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L'Aeronaute. No copy of this journal is accessible to me, but the 
details of Penaud’s machine, with pictures, are given in the memoir 
quoted below. Penaud stated that he had obtained a flight of 60 
meters during 13 seconds. Langley was never able to obtain such 
results, but states that twisted rubber has a vei\y high potential, be- 
ing much more efficient than any steel spring he tried. 

From the start Langley proceeded in a truly scientific manner, 
studying the mathematics and physics of the problem preliminary" 
to construction of apparatus. His results are set forth in two pub- 
lications, The Internal Work of the Wind and Experiments in Aero- 
dynamics. He discovered that the law laid down by Newton, and 
accepted by most mathematicians and physicists — namely, that at- 
mospheric resistance to inclined surfaces is proportionate to the square 
of the sine of the angle of inclination, is iKjt founded in fact, tlu* 
resistance being really proi^ortionate to the angle directly. The in- 
teresting story of the invention of the practical aeroplane is to be 
found in the ponderous quarto of over 300 pages, entitled The Lang- 
ley Memoir on Mechanical Flight, published by tlie Smithsonian 
Institution, and consisting of two papers, one mostly by Langlev him- 
self, the other by his faithful and efficient assistant, Charles M. 
Manly. It is from this publication that I have drawn most of the 
material for this essay. 

Notwithstanding that the problem of flight had engaged human 
attention for many centuries, and had attracted all classes of per- 
sons, ranging from such a profound genius as Da Vinci to mere 
cranks and dreamers, yet when Langley took up the matter there 
were but few data available, and there was almost no one disposed 
to give him encouragement, tangible or sentimental. Distinguished 
scientists deprecated investigations into the subject. As late as 
1900 a prominent astronomer and mathematician declared that it 
would be impossible to construct a machine capable of sustaining 
the weight of the largest known birds, not knowing that two of 
Langley's machines had already accomplislied more than this. The 
truly blind are those who will not see.'’ 

After several years’ assiduous labor he was able to announce that 
it is possible to give such velocity to inclined surfaces that bodies 
indefinitely heavier than air could be driven tlirough it with «*reat 
velocity. As a concrete instance he states that a plane surface, 76.2 
centimeters by 12.2 centimeters (about 1 square foot) weighing 500 
giams, could be dri\en through air in absolutely horizontal flight 
at the rate of 20 meters per second with 0,01 horsepower. Thi^ is 
equivalent to a weight of 200 pounds driven tlirougli air by 1 horse- 
power at 10 miles per hour. 

following up this conclusion, a number of machines were con- 
stimcted and tried out, some of them, of course, quite small, othei*s of 



LA:N-GLEY — LEFFMA^^’IT. 


161 


considerable size. For all the machines he made Langley coined 
the word '' Aerodrome/' from two Greek words meaning “ air run- 
ner.'’ This word is now often used as the name for the shed in 
which the flying machine is stored. 

In passing from very small machines in which twisted rubber or 
>teel springs can be used, which are mere to;^"S 5 to large machines 
which can make reasonably long flights, the question of motor be- 
came of great importance. Questions of stability, both lateral and 
longitudinal, also required answer. I will not enter into a considera- 
tion of stability problems. They were most carefully investigated 
by Langley, and involved mathematical as well as mechanical 
methods. It is now well known that the stability of aeroplanes has 
been satisfactorily attained. 

When Langley began his experiments the only motor that seemed 
to offer practical application was the steam engine. This had been 
for a long while the only one applicable to a moving object, as is 
indicated by its extensive use in both land and water transportation. 
The steam engine is heavy, and also re<iuires fuel and water, so 
that the total weight is considerable. In the ordinary uses of it in 
land transportation this is not a very serious matter, for the locomo- 
tive draws best when it presses strongly on the rails, and even in 
water transportation the weight of engine, fuel, and water are 
probably of less importance than the space they occupy. Langley, 
in 1891, canvassed the portable motors then known. These were, in 
addition to steam, compressed air, liquid carbon dioxid, electric 
batteries, gunpowder, and the internal-combustion engine. The last- 
named, which is now the only motor used in flying machines, was 
at tliat time but little developed, and was rejected, as were all the 
othei*s except the steam engine. The requirements were that the 
apparatus should be light, capable of developing steam rapidly and 
at considerable pressure, and using a fuel of high heating efficiency. 
Water-tube boilers were alone suitable, alcohol or gasoline as the 
fuel. Oscillating engines were used at first. Many experiments 
were made with boilers and with burners, and much difficulty was 
experienced in getting and maintaining sufficient pressure. Langley’s 
accounts of the failures and disappointments make painful reading, 
but space does not permit a summary of these matters, especially as 
tlie steam engine has ceased to be important in the field with which 
we are now concerned. 

After many months of weary working it was finally thought to 
be possible to secure a flight in the open air, and preparations were 
made for this. The story of the failures, disasters, and disappoint- 
ments that preceded the actual fliglit — told with much Auvidness in 
the Memoir" — is a striking instance of the will poAver and self- 
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reliuiice of tlie inventor, and of liis possessing to a high degree that 
characteristic of genius, the infinite capacity of taking trouble.” 

After succeeding in tlie construction of a power-driven flying ma- 
chine, two problems were presented in connection with open-air 
trials; a suitable locality and a method of launching. It was decided 
that it would be safest to launch the machine over water, as in case 
of a fall it would be not seriously damaged and be readily recovered. 
It was, of course, also advisable that the location should not be far 
from Washington, at which place the construction was being carried 
on, and should not be in a populated district. The spot chosen was 
a small inland in the Potomac Eiver, about 30 miles below 
Washington. 

For launching the machine a sort of house boat was built by put- 
ting a frame room on a scow, and on the roof of this a horizontal 
track with releasing ai:>paratus. The room served for storing the 
machine and was fitted with apparatus for repair Avork. 

In the later part of 1803 an aerodrome, designated as No. I, Avas 
taken to the trial ground, but though eight trips Avere made for trials, 
none Avas successful, and the year closed Avithout any demonstration 
of the capacity of the machine. The year 1801 Avas also passed Avith- 
out any successful flight, although a feAV short movements had ])een 
secured, and the machine seemed to be le>s erratic and the poAver was 
dioAvii to be suflicient for the Avork. Little better results Avere ob- 
tained during 1805, but much information as to the defects of c()n- 
struction were obtained, so that Avith the opening of the folloAving 
year this problem Avas much nearer solution, in fact, Avas solved. 

In the earlA" part of 1800 two aerodromes, 5 and 6, Avere available, 
and on May 0 of that year, Langley Avith A. Graham Bell and several 
assistants were at the trial ground. The wind Avas so high during 
the morning that no attempt at flight Avas made, l)ut at 1 p. m. it had 
become much kvs active, and at 1,10, aerodrome No. 0 avus launched, 
but oAving to some entanglement Avith the launching apparatus, it 
settled directly into the water. Aerodrome 5 was then tried. At 
3.05 it Avas launched Avitli a steam pressure of 150 pounds, and started 
directly into the gentle breeze that was blowing. 

The height of the launching track above the Avater was about 20 
feet; the machine first descended about 3 feet, but immediatelv bei^an 
to rise until the midrib made an angle of about 10- Avith the hori- 
::ontah and maintained this mostly through the entire flight. After 
leaving tlie boat, it circled to the right and moA^ed Avith great steadi- 
nes'^, making a spiral path of tAvo complete turns and part of a third. 
During the first two turns the apparatus Avas constantly ascending, 
and at’ the end of the second turn had reached a height esti- 
]nated at oAer i5 feet. The poA^'er then began to giA^e out and the 
machine slowly descended, striking the water in approximation to a 
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Side View of the Full-Size Man-Carrying Aerodrome on the Houseboat Just Before the Trial of 

October 7, 1903. 

Tins sliuws the track ou which the niachiiic was propelled by springs and shot oil* into the uir. 
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The October 7 , 1903 , Trial of the Large Machine Carrying an Aviator. 

Tlio front ^ny caiif'ht in ils support on tho lannohiiig car an l was bent haclcward, causing the hunt (aid ol the machine to be jerked 

violent Iv downwat d before it was actually in free flij/ht. 
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‘‘ nose divej” having been in the air 80 seconds and traveled about 
3,300 feet, which would mean a rate of about 20 miles per hour. The 
machine was recovered at once, and being found not injured, a sec- 
ond trial was made, with somewhat similar result, making three 
turns at a height of about 00 feet, during 91 seconds, over a path esti- 
mated as carefully as possible at 2.300 feet. Several photographs 
were taken during these flights. 

These flights, of course, meant much to the patient inventor and 
his friends. For the first time in the history of the world a heavier- 
than-air machine had actually flown througli the air and preserved 
its equilibrium without the aid of a guiding intelligence. Moreover, 
a second trial had been made, thus showing that the first was no 
mere accident. 

It seems somewhat curious that these striking results were not 
immediately followed up. Xo explanation of the suspension of the 
experiments is given in the ^‘ilemoir,’’ except to say that the inven- 
tor left for Europe, intending to be away until fall. Instructions 
were given to the mechanicians to remedy certain small defects in 
the machines. 

On Xovcmber 27 a trial was made of aerodome 6, but owing to 
the breaking of a pin, the trial was a failure. In the afternoon of 
the next day, a successful flight was made, the machine going in a 
curved path of about three-quarters of a mile in 105 seconds, a rate 
of about 30 miles i^er hour. •^Finls coro)i<it opus.'' 

Obviously the success of the aerodromes led to the thought of the 
construction of a man-carrying machine. Langley hesitated on ac- 
count of the many duties in connection with his official relations with 
the Smithsonian Institution, yet the longing to take the final step was 
too attractive to his scientific mind and .soon took possession of him. 
Ten years had been passed in laborious experiment, full of disheart- 
ening difficulties, and he thoroughly realized that the construction of 
a machine large enough to carry a man would be a mighty labor, 
but his spirit was no flickering flame like that of light straw, but 
determined and devoted to the object of science — the discovery of 
t ruth. 

In undertaking the construction of a large aerodrome, Langley 
was much influenced by President McKinley, who had become im- 
pressed with the value of the instrument in war. It will not be 
necessary to set forth here the official procedures which led up 
to the work, but merely to state that in the latter part of 1808, an 
appropriation of $50,000 was made for the purpose through the 
Board of Ordnance and Fortification. 

Langley had always recognized that one of the most important 
problems in a flying machine is the motor, whicli should l)e lic^ht 
powerful and capable of maintaining its action for a long tim^on 
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n small volume of fuel and other supplies (such as water). The 
internal-combustion engine, then coming into notice, was obviously 
the most promising form, but as he was not familiar with this appa- 
ratus, he deemed it pi'oper to delay definite action until a satisfactory 
engine could be secured. After much searching, a contract was 
placed on December 28, 1898, for a 12 horsepower engine to weigh 
not more than 100 pounds, and the construction of an aerodrome 
for use with this engine was at once begun. Notwithstanding the 
amount of research that had been given to the mathematics and 
physics of flight to heavier-than-air machines, it was felt that the 
new problem required much more investigation and research, and 
of course, a new element entered into it, namely that of preventing 
the injury or death of the operator. 

The gi^eat complexity of the problem induced Langley to seek the 
services of a mechanical engineer, and on the recommendation of 
Professor Thurston, Mr. Charles M. Manly was appointed, and 
proved to be a most efficient and faithful worker. It was hoped that 
the engine could be obtained and the frame- work of the new aero- 
drome completed by the early part of 1899, but this was not to be. 
The engine builder though he exerted himself to the utmost and, 
indeed, lost much money in his effort, was not able to produce an 
engine which would give anything like the desired horsepower within 
the allowable weight. Another series of disheartening failures and 
disasters followed. As a preliminary, an aerodrome one-quarter size 
of the proposed man-carrying one was constructed and trial flights 
made with success, but this small machine could not, of course, carry 
an operator. In addition to the problem of the construction of the 
large machine, a new apparatus for launching was devised and a 
new location, about 40 miles below Washington on the Potonuu* was 
selected. It became necessary here to have a tug-boat and housing 
for the workmen, who could not come and go from Washington every 
day. 

Nowadays, when aeroplanes are among familiar objects and almost 
everyone has seen them start and land, it seems that a serious mistake 
was made in the elaborate launching apparatus, and in the principle 
of launching over water, but it is easy to be wise after the event, 
and we must always keep in mind that Langley was working in a 
field in which there was no definite guidance, save his own studies 
and experiment'^. 

The engine builder having finally given up the problem, efforts 
were made to get home European builder to manufacture the appa- 
ratus Europe being, it was thought at that time, ahead of America 
m the application of the internal combustion motor. Iso one could 
be found willing to undertake the contract. Tender these circum- 
stances, Mr. Manly undertook the work. He obtained the parts of 
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Attaching Wings and pontoons to the Large Langley Machine in Preparation for Its Flight of May 28, 
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the engine which the American builder had made and in the latter 
part of IDOO began his work. He was able in September of that year, 
to construct an engine weighing 108 pounds which gave on the 
Prony brake, 18.5 horsepower at 750 revolutions per minute. The 
cylindei*s were, however, without water jackets, being cooled with 
wet cloths, which, of course, would permit only short runs. 

The details of the development of the engine, of the difficulties 
with sparking ajjparatus, carburetors, pistons, j^acking, lubrication, 
and all the other vexations that go to make iip what are collectively 
known as ‘‘ engine troubles ” are described vmdly and fully in the 
Memoir,” but space does not permit of even a brief summary here. 
Xot the least of the troubles in the history of the aSair was the 
weather, which was very often exceedingly unfavorable. 

Penally, however, an engine was built which recorded 52.1 horse- 
power at the average speed of 950 revolutions per minute, with an 
approximate weight for the engine proper of 121.17 pounds, or, in- 
cluding the improved water jackets, fly-wheels, spark coil, batteries, 
etc., complete, a total of 187.17 pounds. 

Mr. Manly volunteered to be the operator for the first trip of the 
aerodrome. His chief consented to this, though Avith much reluc- 
tance. Every possible precaution Avas taken to prcA^ent serious acci- 
dent, and on October 7, 1903, about 16 years after the AAork had be- 
gun at the Allegheny observatory, the machine aa as launched Avith 
Manly in the aviators chair. It was a little after noon that the 
machine glided doAvn the launching track. The operator soon felt 
the sensation of being free in the air, Avhen he noted that he was plung- 
ing downward at a A^ery sharp angle, and instinctively grasped the 
wheel AAhich controlled the Penaud tail, intending to throAv it up 
so as to depress the rear, but the eliort failed, the machine crashed 
into the Avater and it aa as Avith some difficulty that the operator was 
saved from droAviiing. The machine Avas recovered from the aa ater 
and certain slight defects discoA^ered as the caire of the mishap. 
Arrangements were made to remedy the^e and the party returned 
to Washington, after giving out a brief statement to the pres^. For- 
tunately, an excellent photograph had been secured just as the ma- 
chine left the launching platform, and also another taken close to 
the Avings, from which certain important facts can be easily estal)- 
lished. 

Examination shoAved that the machine Avas not seriously injured 
and it was decided to make another attempt, but for con\xmience a 
•-pot much nearer to Washington Avas chosen. On account of the 
latenos of the season, faA^orable Aveather Avas unusual, and it Avas 
December H l)efore conditions Avere satisfactory. Some delay oc- 
curred in getting the machine taken to the place of trial, and dark- 
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ness 'svas setting in and the wind had become strong and gusty. 
Nevertheless, Manly took his station at the wheel, and the machine 
was launched, but something happened that has never been clearly 
determined. The machine shot upward and then fell into the water, 
entangling the pilot, who again narrowly escaped drowning. Owing 
to the darkness the official photogi-apher got no pictures, as his 
shutters were set to too high speed, but a representatiie of tbe 
Washington Star secured a small photograph, which on enlargement 
showed some points of importance, principally that the accident 
was duo to the rudder becoming entangled in the launching tiatk. 
owing to the breakage of some part of the mechanism by which it 
was connected to the main frame. 

The situation became very distressing. The inventor felt that he 
could not ask for further funds from the Smithsonian Institution, 
and the Board of Ordnance and Fortification having been severely 
criticized on the floor of Congress for its original allotment for the 
work, it was deemed inexpedient to ask for further aid, as it might 
incur a curtailment of the funds placed at the disposal of the board. 

In 1904 Manly made efforts to secure assistance from wealthy 
Americans, but all whom he approached declined to aid unless ar- 
rangements would be made for later commercialization. Langley 
had years before tempting offers of this character, but had always 
declined and he again declined to accept these conditions. In 1900 
he died. Had he been spared a few years he would have seen all 
his hopes realized as the sequel shows. 

THE SEQUEL.^ 

ilav 0 is celebrated in Wa.diington. informally, as Langley Day, 
being tbe anniversary of the first satisfactory flight of a heavier- 
than-air machine. In March, 1914. Glenn H. Curtiss, aviator and 
inventor, was invited to take part in the ceremonies on the next 
occasion. He replied: “I would like to put the Langley aerodome 
itself in the air." Secretary Walcott, of the Smithsonian Institution, 
at once gi-anted the request, and in April the machine, was taken to 
the Curtiss plant on Lake Keuka. Hammondsport, X. Y. It was over- 
hauled but not materially changed, except to put hydroplane floats 
on it. On May 28, 1914, two months before the great war broke 
out, and IS years after the successful flight of the first aerodrome, 
the craft of 1903 was lifted into the water with Curtiss at the wheel, 
and many eager camera men waiting with loaded weapons. Pointed 
somewhat across the wind, the machine automatically headed into it. 
rose in level poise, soared steadily for 150 feet and landed softly in 
the water. After a few more flights, the engine and propellers were 

^ For most of the data of this paiatrraph I am indu btcd to an article by Dr. A. F. Zahm, 
in Ann. Ri'p. Smithson. Inst, for 1914. 
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"Planing” over Lake Keuka, at Hammondsport, N. Y. 

WiHu lU'un JI, (’nr1 i^s in th(' luioi’s beat, tlio niadimr was photufrrnplu'd just as it was rising from tJio water. 
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View of Flight of June 2, 1914, over Lake Keuka, at Hammondsport, N. Y, 

Piloted by Curtiss, and with 300 pounds of {)ontoons added, satisfactory flights were made with the original engine and machine. 
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replaced by an 80-horsepower Curtiss motor, and direct-connected 
tractor propellers. In the absence of Mr. Curtiss, a pupil of his 
school, Mr. Doherty, took the wheel. Beginning September 17, a 
number of flights were made, which demonstrated that the general 
principles of Langley's construction were perfectly sound, and to him 
must be given the credit of being the pioneer in practical aviation, 
and of having, by his devotion and pei^sistence, helped to bring into 
a field of scientific inquiry what had been previously almost entirely 
in the possession of visionaries or charlatans. In this connection 
we must not overlook the services of Manly, to whom is due larg^y 
the construction of a satisfactory gasoline engine, then first used in 
an aeroplane, and who twice risked his life in trials of the large 
machine. 

The following paragraphs are copied verbatim from the article 
indicated in the footnote on page 160 ; 

Dr. T.anjrley’s aerotechiiic work may be ])rieny sxmimarized as follows: 

1. His aerodynamic experiments, some published and some as yer nnpublisbed, 
were complete enoujrli to form a basis for praotic'al pioneer aviation. 

2. He built and launclied, in 1800, the tirst st(‘am mo<lel aeroplane capable 
of proloiiired free tlij^ht and possessing good inherent stability. 

8. He built the first internal-combustion motor suitable for a practical man- 
ca rrying aeroplane. 

4. He developed and successfully launches 1 the fii>t gasoline model aeroplane 
capable of sustained free fiight, 

5. He developed and built the first man-ctxrrying aeroplane capable of sus- 
tained free flight. 




TWENTIETH CENTURY PHYSICS/ 


By R. A. ^MrcLiKAN. 


My position to -night is somewhat reminiscent of a story which my 
father used to be fond of telling of a Scotch preacher who thought 
that all of the italicized words in the Holy Writ were meant to be 
emphasized, and so he read “And Abraham said unto his servants, 
saddle me an ass, and they saddled him,'’' When one of his parish- 
ioners expostulated with him and told him that he didn't think that 
was really what was meant, being a Scotchman, the preacher kept 
his own opinion, but being endowed also with a certain amount of 
worldly wisdom, he said he would change it, and so the next time he 
read, “And Abraham said unto his servant, saddle me an ass, and 
they saddled him/' 

The point of the story is that it doesn't make any difference where 
the emphasis is placed, the situation remains entirely unchanged. I 
am, however, really glad to be saddled tonight, because T 
should like to do a little bit, if I can, towards bridging the chasm 
Avhich we have foolishly — I had almost said idiotically — allowed to 
grow up between the physicist and the applied physicist, who com- 
monly is called an engineer. The chemists have been veiy much 
more sensible; they have not split up into two groups, called chem- 
ists and applied chemists, and there is absolutely uo more reason why 
we should have done so, for obviously the physicist is merely the 
vanguard in the army of engineers, the scout, the explorer, who is 
given the task of trying to open up new paths for human progress, of 
prospecting for new leads to nature's gold, and it is just as important 
that the engineer know where the scout is and what he is doing as it 
is that the scout know where the army is which is behind and which 
supports him. 

If you have any respect for my subject or any respect for me you 
will not expect me to outline in the space of one brief hour the work 
of modern physics. It is utterly impo^sible to do. and I can say that 
without affecting an inordinate egotism. I had the good fortune to 

* A lecture delivered at the Fifth Midwint(T Convention of the Ainerioan Institute of 
Eieetrietil Knjriiieers. New York, Fel). !.■;>. 1017. Copyright 1017, by A. I. K. K. Reprinted 
by i><‘rnii^';i<tn from the Proceedings of the American Institute of Electrical Engineers, 
September, 1917. 
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listen a little wiiilo ago to a ^series of lectures by our honored ex- 
President, Mr. Taft, on The Executive Power," and he said in those 
lectures that his friend, Mr. Roosevelt, had somewhere classified the 
Presidents of the United States into t^vo groups — the first, the group 
that had interpreted the executive power broadly and exercised it 
largely, and the sec'ond, the group that had interpreted it narrowly 
and exercised it sparingly, and, said Mr. Taft, '' Mr. Roosevelt began 
the first group with Lincoln and closed it with himself, and he began 
the second group with Buchanan and closed it with myself.” Then, 
with his inimitable chuckle, Mr. Taft said, That reminds me of a 
story about a little boy who came home from school and said, ‘ Papa, 
did you know I was the brightest student in the class? " His father 
replied, ‘No, I didn't knoAv it. MTien did the teacher tell you so? ’ 
The boy answered, ‘ The teacher didn't tell me so at all, I just noticed 
it myself.’ ” 

If I appear at all, in what I say, to have just noti(*od it myself, I beg 
of you at any rate to believe me that the appreciation is an apprecia- 
tion of the subject, of the method which it u-es, of the spirit wdiich 
underlies it, and of the results which have actually flow’ed from it, 
and not an appreciation of any indiAudual or group of individuals. 

The spirit of modern science is something relatively new" in the 
Avorld's history, and I want, as an introduction to the main address, 
to give an analysis of what it is. I want to take you up in an 
airplane which flies in time rather than in space, and to look down 
with you upon the high peaks which distinguish the centuries, and 
let you and me see together what is the distinguishing character- 
istics of this century in wdiich we live. I think there w"ill be no 
question at all, if you get far enough out of it so that you can see 
the wmods w"ithout having your vision clouded by the- proximity of 
the trees, that the thing wdiich is (duiracderistic of our modern civil- 
ization is the spirit of scientific research — a spirit wdiich first gi-ew" 
up in the subject of physics and has spread from it to all the 
other subjects of modern scientifi(‘ iiifiuiry. 

That spirit has three elements. The first is a philosophy, the 
second is a method, and the third is a faith. Look first at the 
philosophy. I say that is new for the reason that all primitive 
peoples, and many that are not primitive, have held a philosophy 
that is both animistic and fatalistic. Every phenonienon which is 
at all unusual, or for any reason not immediately intelligible, used 
to be attributed to the direct action of some invisible personal 
being. Witness the peopling of the w’oods and streams with spirits 
by the GrecL^, the miracles and })o^ses<ion ])y demons of the Jews, 
the w"itchcraft manias of our owm Puritan forefathers, only tw"o or 
three hundred years ago. 
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Now, that a supine fatalism results from such a philosophy is to 
he expected, for according to it everything that happens is the will 
of tlie gods, or the will of some more powerful beings than ourselves. 
And so, in all the ancient world, and in much of the modern also, 
three blind fates sit down in dark and deep inferno and weave out 
the fates of men. Man himself is not a vital agent in the march 
of things, he is only a speck, an atom w^hich is hurled hither and 
thither in the play of mysterious, titanic, uncontrollable forces. 

Now, the philosophy of physics, a philosophy which was held at 
first timidly, always tentatively, always as a mere working hypothe- 
sis, but yet held with ever-increasing conviction from the time of 
Galileo, when the experimental method may be said to have had its 
beginnings, clear up to the present time, is the exact antithesis of 
the above. Stated in its most sweeping form it holds that the uni- 
verse is ultimately rationally intelligible, no matter how far from a 
complete comprehension of it we may now be, or indeed may ever 
come to be. It believes in the absolute uniformity of nature. It views 
the world as a mechanism, every part and every movement of which 
fits in some definite, invariable way, into the other parts and the 
other movements; and it sets itself the inspiring task of studying 
every phenomenon in the confident hope that the connections between 
it and other phenomena can ultimately be found. It will have 
naught of ca]n‘ice in nature. It looks a>kance at mysticism in all its 
forms wdiether put forth by Dionysius in Greece in 300 B. C. or by 
the devotees of Bergson in Paris in 1015. That is the spirit, the 
attitude, the working hypothesis of all modern science, and let me 
say that this philosophy is in no sense materialistic, because good, 
and mind, and soul, and moral values, which is only another word 
for God, these things are all here just as truly as are any physical 
objects, and with that kind of a creed they must simply be inside and 
not outside of this matchless mechanism. 

Second, as to the method of science, it is a method practically 
unknown to the ancient world, for that world was essentially sub- 
jective in all its thinking and built up its views of things largely 
by introspection. The scientific method, on the other hand, is a 
method which is completely objective. It is the method of the work- 
ing hypothesis which is ready for the discard the very minute it 
fails to work. It is the method which believes in a minute, careful, 
wholly dispassionate analysis of a situation; and any physicist or 
engineer who allows the least trace of prejudice or preconception to 
enter into his study of a given problem violates the most sacred duty 
of his profession. This present cataclysm which has set the world 
back a thousand years in so many ways, has shown us the pitiful 
spectacle of scientists who have forgotten completely the scientific 
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method, and have been controlled simply by prejudice and by pre- 
conception. This is no reflection on the scientific method ; it merely 
means that these men have not been able to carry over the methods 
they use in their science into all the departments of their thinking. 
The world has been controlled by prejudice and emotionalism so long 
that reversions still occur, hut the fact that these reversions occur 
after all does not discredit the scientist, nor make him disbelieve in 
his method. Why ? Simply because that method has worked, it is 
working to-day, and its promise of working to-morrow is larger 
than it has ever been before in the world's hi.story. 

Do you r-ealize that within the lifetime of men now living, within a 
hundred years, or 130 years at most, all the external conditions under 
which man lives his life on this earth have been more completely 
revolutionized than during all the ages of recorded history which 
preceded^ My great-grandfather lived essentially the same kind of 
a life, so far as external conditions wore concerned, as did his Assy- 
rian prototype 6,000 years ago. He went as far as his own legs or the 
legs of his horse could carry him. He dug his ditch, he mowed his 
hay, he did all the operations of his industrial life, with the jiower 
of his own two arms, or the power of his wife’s two arms, with an oc- 
casional lift from his horse or his ox. He carried a dried iiotato in 
his pocket to keep olf rheumatism, and he Avorshipped his God in 
almost the same superstitious Avay. It Avas only in the beginning of 
the nineteenth century that the great discovery of the ages began to 
he borne in upon the consciomness of mankind through the Avork of a 
feAV patient, indefatigable men Avho had caught the spirit Avhich 
Galileo perhaps first notably embodied, and passed on to XcAvton. to 
Franklin, to Faraday, to Maxwell, and to the other great architects 
of the modern scientific world in which we live — the discoven" that 
man is not a paAvn in a game played by higher powers ; that his ex- 
ternal, as well as his internal destiny is in his OAvn hands. 

You may prefer to have me call that not a discovery but a faith. 
Very well. It is the faith of the scientist, and it is a faith which 
he Avill tell you has been justified by works. Take just this one 
illustration, suggested by the opening remarks of your president. 
In the m 3 -stica], fatalistic ages Avhich preceded, electricity was simply 
the agent of inscrutable Providence; it Avas Elijah's fire from Heaven 
sent doAvn to consume the enemies of Jehovah ; or it Avas Jove's thun- 
derbolt hurled by an angry God; and it Avas just as impious to study 
so direct a manifestation of God's power in the Avorld a,s it Avould be 
for a child to studj' the strap Avith AA'hich he is being punished, or 
the mental attributes of the father Avho is behind the strap. It Avas 
only l')0 years ago that Franklin sent up his famous kite, and showed 
that these thundei-bolts wei-e identical with the sparks which he 
could draAv on a winter's night from his cat's back. Then. 30 years 
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after that Volta found that he could manufacture these same thun- 
derbolts artificially by dipping dissimilar metals into an acid. And 
30 years farther along Oersted found that those same thunderbolts 
when tamed and running noiselessly along a wire would deflect a 
magnet, and with that discoA ery the electric battery was born, and 
the erstwhile blustering thunderbolts were set the inglorious task of 
ringing house bells, primarily for the convenience of womankind. 
Then 10 years later Faraday found that all he had to do to obtain 
a current was to move a wire across the pole of a magnet, and in that 
discovery the dynamo was born, and our modem electrical age, with 
its electric transmission of power, its electric lighting, its electric 
telephoning, electric toasting, electric foot warming, electric milk- 
ing — all that is an immediate and inevitable consequence of that dis- 
covery — a discovery which grew out of the faith of a few physicists 
that the most mysterious, most capricious and the most terrible of 
natural phenomena is capable of a rational explanation and ulti- 
mately amenable to human control. 

In that statement I have revealed the taproot of the civilization 
of the nineteenth century. Add to it a bit to cover the harnessing 
of steam, and the development of the principle of the conservation 
of energy, and you have an epitome of the progress of the century 
just passed. It all grew out of the application of an extraordinarily 
small number of discoveries as to the way in which nature works. 

And at the end of the nineteenth century there were many of us 
physicists and engineers who thought that all the great discoveries 
had been made. It was a common statement that this was so. I 
heard it publicly made in 1894 ; and yet within a year of that time 
I happened to be present in Berlin at the meeting of the physical 
society at which Eoentgen showed his fii'st photographs, and since 
that time we have had a whole new world, the very existence of which 
was undreamed of before, opened up to our astonished eyes. We 
have found a world of electrons which underlies the world of atoms 
and molecules with which we had been familiar, and the discoveries 
in that world have poured in so rapidly within the last twenty years 
that there are no two decades in human history that compare at all 
with them in the rapidity of the advance. And these discoveries 
have been made too for the most part by groups of men interested 
merely in finding out how nature works. They have been made al- 
most exclusively by college professors; and for 10 years they re- 
mained the exclusive property of these professors. 

But what has happened in the last 10 years? The industrial 
world has fallen over itself in the endeavor to get hold of these ad- 
vances, and by their aid it has increased tenfold the power of the 
telephone, it has obtained four or five times as much light as we got 
a few years ago out of a given amount of electrical power it has de- 
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veloped new kinds of transformers the existence of which was never 
dreamed of before — all these things are coming now, it is not in the 
distant future, that we are going to find the applications; we have 
found in the last five years a great quantity of them, and how many 
more are going to come, no man can tell. 

And yet we must not focus our attention too intently upon the 
utility of a discover}". Did you ever hear the story of what happened 
when Faraday was making before the Eoyal Society in 1831 that 
experiment to which your chairman referred? He performed his 
experiment, and then explained it. It was simple, it did not look 
pai-ticularly interesting. One saw only a deflection of a needle. And 
some woman in the audience said, “But Prof. Faraday, of what use 
is it? ” His reply was, “Madam, will you tell me of what use is a 
new born babe?'’ — and what a reply it was! Infinite possibilities — 
possibilities which may indeed not be realized, but at any rate some- 
thing altogether new. F araday did not care of what immediate use 
that new thing was, for he was one of the great souls who had caught 
the spirit of Galileo. He knew that human progress depends pri- 
marily upon the growth of the human mind, the ability of man to 
get hold of nature. The utilities might come, they always do come, 
but they generally crop out as by-products, and the man who has 
got his mind fixed merely on utilities is simply the man who kills 
the hen to get the golden egg. I have just as much respect for utili- 
ties as you or anybody has ; I believe that nothing is worth while ex- 
cept as it contributes in the end to human progress, but the difficulty 
is that you can not tell, nor can I nor anybody else tell, what is going 
to contribute to human progress. The thing that is important is 
that the human mind should grow. That is the sine qua non of 
progress. At the capitol in Harrisburgh there is a picture by Sir 
Edwin Abbey, which is entitled, “ lYisdom, or the Spirit of Science.*’ 
It consists of a female veiled figure Avith the forked lightnings in 
one hand, and in the other the owl and the serpent, the symbols of 
mystery; and beneath is the inscription: 

“ I am what is, what hath l)cen and what shall he. 

My veil has been clisclosetl by none. 

What I have i>n>ii^cht forth is tliis : The sun is born.” 

It is to lighten man’s understanding, to illuminate his path through 
life, and not merely to make it easy, that science exists. Hence,"if 
you ask me what are the utilities of the particular category of dis- 
coveries w’hich I am going to run over here very rapidly, I may be 
able to tell you of a good many of them, but I shall not try to 
catalogue them all, because that is not where our immediate interest 
lies. It is “ where there is no vision ” that “ the people perish.” 

Finally, before launching upon the sea of recent discovery, I 
wish to make one more remark about the method of science — namely, 
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this: The progress of science is almost never by the process of 
revolution. You see a great deal in your newspaper headings about 
revolutionary discoveries. They almost never happen. Thus when 
the atom was found not to be an ultimate but a divisible thing, there 
was no revolution, there was not a single law that had to be given 
up. We had simply opened up a new field, tapped a new lead, found 
an unexplored region, a sub -atomic region, and all that was above 
it remained just exactly as it had been, and no chemist had any 
occasion to be disturbed, for the chemists’ laws were just as precise 
as they had been before. Sometimes we do indeed find that we 
have generalized too far, and that some law which we had sup- 
posed to be of universal application is limited in its scope, but this 
does not alter the fact that the growth of science is in general by a 
process of accretion, almost never by that of revolution. Once in 
a while we have something revolutionary but not often. 

Let me now run over a list of 10 discoveries which I will call 
the 10 most important advances of the last 20 years. I will not keep 
you long upon them; I will just touch upon them, because I could 
spend the whole evening on any one of them. 

W e may aptly characterize the physics of the last 20 years as the 
physics of atomism, and tlie first discovery on my list of 10 ad- 
vances is the recent verification of the adumbrations of the Greeks 
regarding the atomic and the kinetic theories — the proof that, as 
Democritus had imagined 500 B. C., this world does indeed consist, 
in every part of it, of matter which is in violent motion. 

L^p to within six years there were not a few distinguished scientists 
who withheld their allegiance even from these atomic and kinetic 
theories of matter. The most illustrious of them was Prof. Wilhelm 
Ostwald, but in the preface to a new edition of his Outlines of 
Chemistry he now says frankly : 

I am convinced that we have recently become possessed of experimental evi- 
♦lence of the discrete or ^Trained nature of matter for which the atomic 
hypothesis sought in vain for hundreds and thousands of years. The isolation 
and counting of gaseous Ions on the one hand * * * and on the other the 

agreement of the Brownian movements with the kinetic hypothesis * * ♦ 

justify the most cautious scientist in now speaking of the experimental proof of 
the atomic theory of matter. The atomic hypothesis is thus raised to the posi- 
tion of scientifically well-founded theory. 

I think you all Imow what the Brownian movements are, but I 
wish especially to call attention to the fact that this advance was 
made not by a practical man, but by a man who never did any ex- 
perimental work in his life, Einstein, a mathematician, a man who 
was capable of analyzing a theory and predicting results, and the 
experimentalists have checked those results. The results consist in 
predicting how far a given particle that you can see in an ultra 
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microscope will drift in a given time, and our ovn experiments 
have checked this prediction to within one-half per cent. It is 
that sort of evidence that has convinced Ostwald of the correctness 
of the kinetic and the atomic theories. 

The second advance is the proof of the divisibility of the atom, 
a proof which grew out of the discovery of X-rays. Let me 
tell you how. If you have here two plates with an electric field 
between them, and nothing else but a monatomic gas like helium, 
then it is found that when the field is thrown on, the helium is 
perfectly stagnant, but when a beam of X-ra^^s is shot between the 
plates some of the molecules become electrically cliarged and begin 
to jump, a part of them toward the upper plate and a part toward the 
lower plate, where their presence can be detected by an electrical 
measuring instrument. What does that show? It shows that the 
thing which we call an atom has electrical charges as its constituents ; 
and the liistor}- of the last 20 years in physics has consisted pretty- 
largely in determining w^hat are the properties of these electrical 
constituents. 

The third is the discovery of radio-activity, which occurred just 
a little after the discovery of X rays. And here again we found 
matter doing things we hud never dreamed it was doing — viz., shoot- 
ing off from itself both negatively and positively charged particles, 
the negatives with a speed which inay approach close to the velocity 
of light, 186,000 miles per second, and positives with a speed of one- 
tenth of that, or 18,000 mileb. The fact that such speeds could be 
imparted to projectiles of any kind was undreamed of 20 years ago. 

The fourth discovery that I wish to mention is the discovery of 
the atomicity of electricty, the proof that the thing we call electricity 
is built up out of a definite numbei- of specks of electricity, all exactly 
alike, and that what we call an electrical current consists simply 
in the journey along the conductor of these electrical specks, which 
we may call with perfect justice definite material bodies. Xow, I 
can give you in just a word the proof of that statement. There are 
half a dozen ways in which it could be ap])roached. I will mention 
the one with which I am most familiar, because it is the particular 
proof which we worked out at our laboratory. We took these plates 
with a field of 10,000 volts between them, with a little hole in the top 
plate, and we l)lew an oil spray above the top plate so as to get an 
electrically charged body just as small as wo could, for we expected 
that the frictional process iiiAolved in blowing the sprav would 
charge the drops, which it was found to do. We let one of these 
drops come into the space between the plates and then moved it up 
and down by an electrical field, throwing on the field as it came close 
to the bottom plate, and throwing it off as it approached the upper 
one, and so we kept that oil drop going up and down between the 
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plates, in the hope that it would capture some of the ions which we 
knew existed in the air, put there by radium or other agencies. The 
drop met our fullest expectations as a police officer, capturing ions 
frequentl}" and signaling the fact of each capture to the observer by 
the change in its speed in the field. For the oil drop is an electrically 
charged body, and in a given field it moves with a definite speed. If, 
however, it captures an ion, its charge increases or decreases, and 
hence its speed increases or decreases. If the charges on ions are all 
alike, then we can only get one particular change in speed. If the 
charge that is already upon it, put there by the frictional process, is 
built up out of these same units, then the total speed which the field 
will impart must be an exact multiple of the change in speed which 
the capture of an ion produces. In other words, if electricity is 
atomic in structure, then in a given field it should be impossible to 
obtain any except a definite number of speeds which will make an 
arithmetical series — that is, will come up by steps, one, two, three, etc. 
That is exactly what we found to be the case. We have experi- 
mented with thousands of drops and scores of different substances, 
and they always work in exactly the predicted way. Both posi- 
tively and negatively charged drc^ps are found to act in quite the 
same way, showing that both positive and negative electrical charges 
are built up of specks of electricity. Further- we can count the 
number of those specks (which we will call electrons) on a given drop, 
with the same certainty with which you can count the number of 
fingers that are before you now. And again since Rowland showed 
that an electrical current is nothing but a charge in motion, you 
have here the proof that the electrical current that goes through 
these lamps, for example, is nothing except the motion of a certain 
number of electrical specks through or over the filament of the lamp. 
Add to that J. J. Thomson's discovery made in 1881 . that an eleC' 
trical charge possesses inertia, the only distinguishing property of 
matter, and you have made it perfectly legitimate to say that an 
electrical current in a wire is a definite, material, granular something 
which is moving along that wire. 

The fifth great discovery of modern physics is the bringing for- 
ward of evidence for the electrical origin of mass. I have just said 
that electricity is material. Can we turn it around, and say that 
aU matter is electrical in origin? The last is not exactly the same 
as the first, and it needs evidence. When we have proved that an 
electrical charge possesses inertia or mass we have not shown that 
there is no inertia in matter which is not electrical in its origin. 
Now we have a certain amount of evidence upon this point and I 
wish to state what that evidence is. 

We can measure the inertia of the negative election and it is 
found to he of tlie inertia of a hydrogen atom, but the positive 
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electron is never found with, an inertia less than the inertia of a 
hydrogen atom. Let us consider the inertia of the negative. So 
long as it is moving slowly compared with the speed of light its 
inertia remains constant because the shape of its electromagnetic 
field is not appreciably distorted by its motion. But as soon as 
you imagine it to be moving with a speed which is close to the 
speed of light, that is with a speed wdiich is nearly as great as the. 
speed with which its own electromagnetic field can travel forward, 
then further change in speed will distort the field and hence change 
the. inertia. In other words, the inertia of a charge ought to be a 
function of speed only when the si)eed approaches the speed of 
light. As a matter of fact, when it is from 0.1 up to 0,9 of the speed 
of light, you can compute just how it ought to vary. Xow, by some 
happy chance the physicist has found negative electrons, namely 
those shot off by radium, which arc going with these speeds, and 
hence it is possible to test our theory for these particles and see 
whether the rate of change of their inertia with the speed checks 
with the theoretical value. It is found that there is such a check. 
This means that there isn't any inertia in those particles which does 
not obey the electromagnetic laws. Therefore, we have good reason 
for assuming that the negative electron is nothing but a disem- 
bodied electrical charge, and that its inertia is wholly of electrical 
origin. 

Now, with respect to the positive electron, we have not that evi- 
dence as yet, but it is obviously in the interest of simplicity to 
assume one kind of inertia rather than two. Further, we have a 
little bit of evidence upon this point, and I wish to mention what it 
is, because that will furnish an introduction to my sixth important 
modern discovery. We have good reason to think, at any rate, 
that there is only one positive electron in the hydrogen atom, but 
that the mass, or ineilia of that positive is almost the mass of the 
hydrogen atom — at any rate we never find it any less. Now if this 
inertia is all electrical, then we know from theorv that the charge 
ninst be more condensed in the case of the positive than in that of the 
negative. Consequently, if we are going to make the observed inertia 
of the positive liydrogen nucleus all electrical, that nucleus must be 
an even more dense charge, that is it must be a smaller body than is 
the negative electron. It was in this Muiy that we first got the pic- 
ture of an atom which has an extraordinarily minute single positive 
nucleus, with negative electrons around the outside. But although 
we first got this picture by that kind of a theory, we do not need to 
depend upon that theory now, because we know that the conclusion is 
correct. e know that the atom does consist of a body with a posi- 
tive nucleus which is extraordinarily minute, and we can tell just 
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how large it is, provided we define the nucleus as the part of the 
atom that is impenetrable to the alpha rays of radium. 

This brings me to the sixth of our discoveries — namely, the dis- 
covery of the nucleus atom. Let me give you just a brief statement 
of how we know that the atom is somewhat like a miniature solar 
system, Avitli an extraordinarily minute nucleus, the size of the nu- 
cleus never being more than one one-hundred thousandth part of the 
diameter of the atom, with a certain number of subsidiary bodies — 
negative electrons — which we should liken to the planets, someAvhere 
around the outside. How do Ave know that that is the case? We have 
this direct evidence. Nature takes a helium atom which is going 
Avith a speed of 18,000 miles per second, and nature shoots that atom 
right through a glass wall aa ithout leaving any hole behind, and 
Avithout in any way interfering with the structure of the molecules 
of the glass. I can show you photographs that make the thing so 
clear that the wayfaring man can see it; you don’t need to be a 
physicist. I will do so at the end of the hour, if there is time. This 
obAUOUsly means that the posit h^e nucleus itself must be extraordi- 
narily minute. Indeed the fact that the negative electron actually 
shoots through those hundreds of thousands of atoms without ever 
going near enough to any constituent of those atoms to knock any 
one of them out, and the fact that the posit iA^e nucleus of helium, viz, 
the alpha particle, shoots through even more molecules without being 
deflected at all from its course, causes one to wonder whether there is 
anything at all that is impenetrable in the atom. Why then do we say 
that there is a nucleus there at all? Because direct experiment says 
there is. There is a certain portion of the atom which the alpha par- 
ticle itself can not penetrate. If the impact is head on. the alpha par- 
ticle goes right up to the atom and then it backs straight back again, 
or if it comes up to the atom at an angle like this it goes off that way. 
(Illustrating.) It is only rarely that that happens, but Rutherford 
and Geiger and Marsden counted the percentage of alpha particles 
Avhich go straight on, and the percentage which go off here, and in 
that manner, by perfectly simple algebraic analysis that any one of 
you can understand, without any assumption at all except the law of 
inA^erse squares, AAdiich can hardly be called an assumption, since we 
can proA^e that it holds, at the distance inAmlved, for the attrac- 
tion between the positiA^e nucleus and the negative electron, Ave find 
how big that nucleus is. By the size of the nucleus — I mean the size 
of that portion of the atom which is impenetrable to the alpha parti- 
cles. It comes out something like centimeters. The diameter 
of the atom is 10*® centimeters. Furthermore, by counting how the 
deflections of the alpha particles are distributed around this sphere, 
which Ave can do directly Avith the aid of zinc sulphide spread ov^er 
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the inside of the sphere, *we can obtain the number of alpha particles 
deflected through any given angle, and then with a little analysis 
of unquestionable correctness, we can find how many unit charges, 
positive electrons, there are in this exceedingly small nucleus, and 
this number comes out approximately one-half of the atomic Aveight. 

Now, I come to another extraordinary discovery which did not 
merely tell us approximately how many electrons there are in the 
nucleus, but it told us exactly hoAV many there are, and the resiilt 
checked too with the number obtained by the foregoing approximate 
method. This brings me to the recent discoveries in the field of 
X rays, and I will call the seventh of the modern adA^ances the dis- 
co AX'ry of the nature of X rays, which was virtually made by Barkla 
in 1904; for Barkla and others had proAxd that there are Iavo types 
of X rays, first X rays Avhich consist of simple ether pulses puslicd 
off from an electron when it changes its speed ; and second so-called 
characteristic X rays Avhich are formed thus: When the electrons 
bump into a target they set something in the target into Aubration, 
and this something sends off perfectly definite characteristic X rays, 
Av^hich are like monochromatic light. So, we haAX two types of 
X rays, pulse X rays, like Avhite light, and monochromatic X lays 
like monochromatic light, such as comes from a mercury-A^apor 
lamp. That is the seventh of our great modern discoAxries and it 
must be credited chiefly to Barkla. 

The eighth I will call the disco A'ery of crystal structure by the 
studv of X ravs, Avliich is due to Laue in Munich, and Brairir. in 
England. The method is simply this. You know that we analyze 
light by a grating which consists of a series of equally spaced linos 
on a reflecting or transmitting surface. With such a device avc can 
split light up into a spectrum, but we can not thus sjilit it up unless 
the width of the grating space is comparable Avith the wave length of 
the light. In the case of X rays, Ave had no knowledge of gratings 
Avhose grating spaces were anything like as small as the wuax length 
of X rays, in fact such gi^atings were unknown until Laue had the 
bright idea of using the regular arrangement of the atoms in a 
crystal for a grating to see Avhether that Avould not do the Avork, and 
it did the work marvelously well. It was found that we could com- 
pute the grating space of certain crystals from the density and the 
atomic weight and then from the obserAxd spectrum find the Avave 
length of the X raA> used. And now knoAving this wave length Ave can 
work backward and find the gr iting-space for other crystals. We 
are now using this method for finding the positions and the arrange- 
ments of the atoms in crystalline bodies. Professor Bragg in his 
recent book on X rays and crystal structure has described this A\ork 
very beautifully. T^us a whole new field of experimentation has 
been opened up and is being pursued in a great many laboratories-. 
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and with particular success by A. W. Hull at the laboratory of the 
General Electric Co. There are almost unlimited possibilities for 
the chemist in the discovery by this method of the exact positions of 
the atoms in any kind of a crystal. 

But the results of this discovery, as of most of the others which 1 
have mentioned, are rather insignificant when compared with those of 
the ninth which I am going to mention, namely the discovery of the 
relations between the elements, and the extension of our knowledge 
of the radiations emitted by different substances. This discovery 
was made by a young Englishman only 20 years old, Moseley, who' 
has already, unfortunately, fallen a victim to this juggernaut w^hich 
is at the present time crushing out some of the finest scientific brains 
in the world, Moseley was killed at the age of 27, a year after he 
made his ex^och-niaking discovery, and all the lives and all the inter- 
ests of the eternally infamous men Avho made this war are not to be 
compared in value to the world with a hair of Moseley’s head. Yet 
he had to be sacidficed to save a threatened civilization. A double 
honor to Moseley. 

His discovery was this; He was analyzing the chara^cteristio 
X rays which are given off when any kind of a substance is bom- 
barded with cathode rays. The experiment was in my judgment as 
brilliantly conceived, as carefully and skillfully carried out, and 
as illuminating in its results as any which has been done in the last 
50 yeai*s. What he found was this, that the atoms of all the different 
substances emit radiations or groups of radiations which are extraor- 
dinarily similar, but that these radiations differ in their Avave lengths 
as we go from substance to substance. 

The whole discovery can be stated in this fashion : If you take the 
highest frequency emitted by a given atom, and if you lay down on a 
table a length which is equal to the square root of this frequency, 
and if on top of that you lay doAvn the square root of the frequency of 
the atom which has the next lower frequency, and so if you con- 
tinue to lay down, with one group of ends together, the measured 
square root frequencies of all the elements that you can study, then 
what have you got ^ You find that you have a flight of stairs, with 
perfectly definite equal treads; that is, the freiiuencies change by 
definite steps as you go from element to element. And there are only 
four vacant treads between the lightest element which Moseley could 
study, namely aluminum, and the heaviest one, namely, lead, thus 
indicating that there are only four elements in this range which we 
have not already found. 

An extremely interesting question is, what is the greatest common 
divisor of this series of steps, that is, what is the top step ? There 
are two ways to get at it. One is by filling all the spaces up to 
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aluminum witli known elements in the order of their weights — we 
can not investigate the lighter ones by the X-ray method because their 
frequencies are too low ; at least we have not yet found how to investi- 
gate them. Xow, tliere are just 12 lighter elements than aluminum, 
so we may put them all in, starting with hydrogen. That would 
make hydrogen correspond to the top step. The second way is to 
find arithmetically the greatest common divisor of the square root 
frequencies. This gives us a frequency Avhich is within a few per 
cent of the highest frequency which hydrogen can produce, according 
to Lyman's Jiieasurements of optical radiations in the ultraviolet 
region. This indicates again that hydrogen is the element corre- 
sponding to the first step. All of this seems to mean three things, 
it means first that the X rays of hydrogen are just its ordinary visible 
radiations; second it means that Moseley opened up a whole new 
field of radiation, beginning with the radiations of hydrogen, and ex- 
tending up to a frequency ( 92 ) " or 84G4 times as high as that given by 
hydrogen. I have squared 92 because 92 is the number of the step 
corresponding to uranium, the heaviest known element, and the one 
having the highest frequency in its characteristic X rays. 

iMoseley's discovery means in the third place, almost certainly, that 
the elements are built up one from another by successively adding 
the nucleus of the hydrogen atom. The probable reason for the change 
in frequency as the nucleus takes on a stronger and stronger charge 
is that the electron sending off say the highest characteristic fre- 
quency is in a stronger electrical field in the helium atom, for ex- 
ample, than in the hydrogen atom, and so, as the charge on the nu- 
cleus goes up by successive steps in going from element to element, 
the characteristic frequencies go up by corresponding steps. 

We may then picture with con^idera])le confidence this whole 
physical world as built up out of one positive and one negative 
electron. The positive electron is the nucleus of the hydrogen 
atom. It is very minute in comparison with the negative, but much 
more massive. When two free positive electrons are tied together 
we have the nucleus of the helium atom. We don't know whv these 
positives cling together. We can assume, as an hypothesis, that there 
are four positives in helium which are held together by two negatives, 
thus leaving but two free positives as experiment indicates is the case! 
The assumption here is that in the nucleus one negative i^ capable 
of holding two positives. This assumption would make the nucleus 
of any atom contain a number of negative^ equal to the atomic num- 
ber and a number of positives equal to twice the atomic number. So 
much for a very brief and incomplete -ketch of Z^Ioseley’s contribu- 
tion to modern physics. 

My last of the great discoveries of modern physics is one that I 
will just touch upon. It is the discovery of quantum relations in 
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photo-electricity, in X rays, and in optical spectra. But here I am 
coming to a field which we do not know very much about, which 
we do not yet understand, and my main motive in introducing it 
is to convince you that the physicist, in spite of all he know’s, or 
thinks he knows, is a fairly modest fellow, because there are some 
things he knows he doesn't know, and one at present is the nature 
of radiation. However, we know some things about it that are new. 
For example, it is an extraordinarily interesting fact that w^hen 
light of the X-ray tyjie, or, indeed, light of any frequency, falls 
upon, say, a lithium or sodium surface, or upon almost any surface, 
it has tlie property in some way of taking hold of a negative electron 
in one of the atoms of that surface and of hurling that electron out 
with a perfectly definite speed, a speed which we can measure and 
which we find to be exactly proportional to the frequency of the light. 
That is an extraordinary phenomenon, and it is one that we explain 
on a kind of quantum theory, which I will not attenqit to enter into 
here because of the fact that we have not yet worked it out fully, so 
that I can not give you anything Aery definite about it: but at any 
rate the quantum constant comes out of the photo-electric effect, as 
shown in my oAvn Avork, out of X-ray Avork as shoAvn by Duane and by 
D. L. Webster at Harvard, and out of spectroscope work, as shown 
by Bohr in the beautiful theory of the atom which he has deA’eloped 
within the last three or four years. 

I think I have brought you in this brief survey to the very out- 
most boundaries of our present knoAvledge. Bring me back 10 years 
from noAv, and Ave will know more about these quantum theories, but 
for the present I will stop, and close this hasty survey of the prob- 
lems and successes of modern physics with a few refiections Avhich 
are based upon historical studies. 

At tlie UniA^ersity of Chicago I have a friend by the name of 
Dr. Breasted, who is an Eg;vTtoi^^ist. Xow Dr. Breasted tells me 
that he and his fellow Egyptologists have proof that less than 100 
years elapsed from the time Avhen, about 5,000 years ago, the Egyp- 
tians kncAY so little about building that the best they could do was to 
pile crude roAvs of uncut stone 4 round their dead, to the time wdien 
some of the great pyramids were built, structures which represent in 
some Avays the height of the builder's art, structures on which the 
surfacing is so perfect that huge granite blocks 18 feet on a side are 
joined together without cement, and with not as much as one one- 
hundredth of an inch of space anywhere between them. That kind 
of engineering Ave do not do noAv, luckily Ave do not Iuia e to do it, but 
it is doubtful if Ave could do it if Ave would. I am mentioning this to 
bring out the fact that Egypt, at that time, got the key to a certain 
kind of development, and pushed that development to a marvelous 



184 AXXUAL REPORT SMITHSONIAN^ INSTITUTION, 1918. 


degree of perfection. Indeed there was in that century, so Professor 
Breasted says, an industrial progress which has never been equaled 
at any time in the worlds history until within the last 100 years, 
when the' modern industrial revolution set in. 

Go now to Greek history, and we find the same sort of a situation. 
About 500 B. C. the Greeks got the key to a certain type of progress, 
and they developed a civilization which on the intellectual side, and 
on the artistic and esthetic side, has never been equaled. The 
Greeks, like the Egjqdians. got the key to a certain kind of civiliza- 
tion and they worked it out to marvelous perfection. But in neither 
case did these men or these races go on; they did not open up new 
fields; they did not tap new mines. Their civilization came to an 
apex, and then decayed; and the question has often arisen in your 
minds, as it has in mine, Is this age in which we are living going to 
follow in the same way ? Have we risen to a maximum ? Have we 
had a period of marvelous de^'elopment which is going to be fol- 
lowed by one of decay and stagnation, or are we going to ascend to 
higher and higher levels^ Xo iiian can answer that ({iiestion; but 
this I know and this you know, that it was wholly unnecessary that 
Greek civilization, or that Egyptian civilization, should have stopped 
when it did. If the Egyptians and the Greeks had developed the 
modern scientific spirit, the spirit of search for new phenomena and 
new methods, they could have found them. There were plenty of 
new mines for them to tap. plenty of unexplored fields to search out. 
But they did not do it. As for us I feel just as sure as Shakespeare 
did that ""there arc still more things in heaven and earth than are 
dreamed of in our philosophy,"' and if we stop, it will be because we 
have forgotten the les.^on which Galileo first tried to teach, and 
which we have been learning in the last 100 years, and that is the 
lesson of research. It is the lesson, the philosophy, the method, and 
the faith of modern physics. That is our hope, and if we keep that, 
if we do not call in our scouts because the rewards are larger in 
the applications, then I have no doubt that our civilization will 
go oil; but if we do call in our scouts here in this country, then 
our civilization will gi\e place to tluit of some other country which 
does not do ^o. but which learns the value for the human race of 
the spirit of modern scientific research. 



THE EXPEEIMENTS OP DR. P. W. BRIDGMAN ON 
THE PROPERTIES OP MATTER WHEN UNDER 
HIGH PRESSURE. 


Introductory note by C. G. Abbot. 


[With 1 plate.] 

We live in a world in which the ordinary temperature lies between 
the freezing and the boiling j^oints of water, and the ordinary pres- 
sure is that of the atmosphere, or 15 pounds to the square inch. 
We accustom ourselves to the properties of matter under these cir- 
cumstances and forget that under others the same substances might 
behave differently. For instance, we think of water as existing 
under three forms, steam, liquid, and ice, according as the tempera- 
ture is a little above normal or a little below what we are accustomed 
to. We think of mercury as always a liquid which, on account of 
its very slight volatility", its heavy weight, and its being a fluid 
metal, though conducting electricity like other metals, is especially 
valuable in the laboratory, to contain gases, to enclose in ther- 
mometers and in barometers, and to use for electrical purposes. 
But if the temperatures prevailing in the laboratory were those of 
liquid air the mercury would be found to be solid like other metals 
and perhaps could even be used to make nails of to fasten the 
laboratory floors. The extraordinary electrical properties of metals 
at very low temperatures, as found by Dr. Kamerlingh Onnes in his 
experiments with the gas helium, have been mentioned in this report 
in an article entitled "‘The Discovery of Helium and What Came 
of It.’' 

The properties of substances of many kinds at enormous pressures 
have been investigated of late years by Doctor Bridgman, and the 
following extracts from his published works will give the reader 
some impression of the difficulties of such research and the extraor- 
dinary results achieved. 

The value of such researches is increased by the thought that in 
the formation of the earth materials which cotiipose \t^ crust, includ- 
ing minerals of many kinds, have been subjected to enormous pres- 
sures, owing to their burial miles below the surface. Without such 
laboratory experiments as those which Doctor Bridgman has made 
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it would be impossible to draw conclusions as to the effects which 
such tremendous compression would have, influencing the character 
of the geologic strata with which we are familiar. This point of 
view is fully recognized by geophysicists, and similar experiments 
at very high pressures are being carried on at the geophysical 
laboratory of tlie Carnegie Institution at Washington, where the 
effects oi high pressures and high temperatures on terrestrial ma- 
terials are principal objects of study. 

HIGH PRESSrUES AND FITE KINDS OF ICE/ 

The experiments which I am about to describe are experiments 
in the field of very high pressures, which is a practically new field. 
Under conditions of high pressure many of the ordinary properties 
of matter are changed; and the bluest ing strength of vessels in which 
such pressures are produced is found to bear no relation to their 
strength under ordinary conditions. In conducting the following 
investigations on the effect of very high pressures on water it was 
found necessary to make many preliminary experiments on the 
strength of the containing vessels before accurate measurements of 
pressure could be made. In the course of this pi'eliminarv work 
many interesting facts concerning the behavior of materials under 
high pressure were disclosed. In this paper Avill be given, firstlv, 
some of the results of the preliminary experiments on the strength 
of the containers, and then a description of the experiments made 
to ascertain the effect of high pressures on water. The paper will 
be, in large part, a record of my own experimental work. 

By way of introduction it is perhaps desirable to give some idea 
of the magnitude of the pressures involved. The highest pressures 
which are ordinarily familiar to ns are probably those of modern 
high-power artillery : the average firing pressure exerted in many of 
our large guns is about 2,000 atmospheres, or 30,000 pounds per 
square inch. The highest pressures reached in the experiments 
which I am about to describe are 10 times this amount; that is, 

20.000 atmospheres, or 300.000 pounds per square inch. The pressure 
exerted at the bottom of the ocean at, say, a depth of G miles i'^ about 

1.000 atmospheres; a ])ressiire of 20,000 atmospheres would, therefore, 
be exerted at the bottom of an ocean 120 miles dee}). If the average 
density of the rocks of the earth's crust is taken as 2.5, 20.000 
atmospheres is the pressure which prevails at a depth of 50 miles 
below the surface of the earth. 

It should be borne in mind that in all the experiments made the 
pressures were produced in a liquid, which niu^t be held in a con- 
tainer. It is a comparatively sinqde matter to produce pressures 

'By I‘. W Rrirl<m]!in. T»h. D , I»Iiyv.i(‘!U T.jil>oratory, Ilarvard rnirorvity. 

Abstracted from Journal of the Franklin Tnstiruto, March. 1014, 
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as high as 300.000 pounds per square inch in a solid piece of steel, 
but it is another matter to maintain such a pressure in a liquid and 
prevent all leaking of the latter from the container. 

The most essential part of the preliminary work was to design 
a packing that would keep the vessel in which the pressures were to 
be produced absolutely tight, and prevent the liquid from leaking 
from it. The feature of the form of packing finally designed is that 
it is made tighter and tighter by the pressure in the vessel itself; 
the greater the pressure in the vessel, the less can the liquid leak. 

The second part of the preliminary work consisted in finding 
what limits of pressure steel apparatus will support, steel being 
selected as the best material of which to make the pressure im- 
X^lements. In all the experiments the pressures were produced by 
pushing a piston, by means of an hydraulic press, into a cylinder 
containing the liquid. In the piston the strain is one of compres- 
sion, while in the cylinder it is one of bursting, or tension. 

It was found by experiment that the best material for the piston 
was glass-hard steel. .The compression that a piece of glass-hard 
steel will support when it is held rigidly so that it will not bend is 
surprisingly large. J^everal grades of steel were found that would 
support a compression of 600,000 pounds per square inch, and one 
grade supported as high as 750,000 pounds per square inch. 

The strength of the steel cylinders was also a factor which had 
to be settled by experiment, since it was found that no theory of 
the strength of a cylinder is of any value for very high pressure. 
All ordinary theories jiredict that no cylinder can be stressed to 
more than the tensile strength of the steel, no matter how thick are 
its walls. A few rough experiments showed the actual pressure 
that a cylinder can siipj^ort to be much in excess of that predicted 
by the ordinary theory; this is on account of the fact that when 
the pressure reaches a certain value the inner layers do not break 
but stretch, and thus allow the outer layers to assume some of their 
share of tlie load. It was found that the most efficient way to make 
a cylinder support a high pressure Avas first to stretch it on the 
inside by axiplying a much higher pressure than it Avas intended to 
maintain in practice, and then to machine it to its final diameter. 
A cylinder treated in this way is in a state of internal strain, exactly 
as is a gun which has hoops shrunk on it from the outside, the 
tension in the hoops inducing initial compression in the interior of 
the gun. When pressure is produced in such a gun, it removes the 
comiiression from the inner layers of the material and the tension 
of the outer layers is incTeased. But it has been shown that the 
tension in the inner layers increases more ra])idly than that in the 
outer, and it can be seen, therefore, that, in time, the increasing 
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tension in the inner layers neutralizes the compression which existed 
there initially and eventually equals the increasing tension of the 
outer layers, with the result that finally the stress throughout the 
mass of the cylinder is one of uniform tension. In an ideal con- 
dition all parts of the cylinder would be ready to break at the same 
time, and then the maximum possible strength would result ; in any 
actual case it is, of course, impossible to reach this ideal, but, with 
the cylinders subjected to a preliminary stretching, it can be ap- 
proached much more nearly than even in a built-up gun. 

The best steel to use for the cylinder is found to be a steel which 
will stretch considerably before breaking, but which has, at the 
same time, a high tensile strength. The best of all was a steel made 
in this country by the electric furnace method ; this steel is a chrome 
vanadium steel, and has, when hardened in oil, a tensile strength 
that may reach as high as 300,000 pounds per square inch. The 
highest pressure that I have ever found it possible to reach in a 
cylinder has been 40,000 atmospheres, or twice the highest pressures 
at which I have made accurate measurements* 

In the preliminary work on steel cylindei's many cylinders were 
broken. This gave opportunity for interesting observations on the 
manner of rupture at high pressures, and two facts not to be ex- 
pected according to ordinary theories were noted. The fii^t was 
the enormous amount of stretch that the steel at the inner layer of 
a cylinder wiU support without rupture; this is well shown in plate 1, 
figures 1, 2, and 3. In the first figure the cylinder was originally 
one-half inch in diameter, but it stretched to one and one-fifth 
inches before breaking. The second observation was that in all 
the cylinders tested the break started at the outside, where the stress 
and the strain are both least: this was observed in all the steels 
used. There is reason to believe, however, that very brittle sub- 
stances like glass would break at the inside, as predicted by the 
ordinary theory. The fact seems to be that if the substance is brit- 
tle it will break at the inside first, but that if it is at all plastic it 
will break at the outside first, the crack traveling into the inside. 

In addition to the data obtained regarding the manner in which 
materials break at high pressures, man}" other peculiar facts were 
noted during these preliminary tests. Perhaps the most interesting 
of these is the increase in rigidity experienced in substances ordi- 
narily soft and pliablcv A striking example of this is afforded in 
the case of paraffin, which under pressures as high as 20,000 atmos- 
pheres becomes more rigid than soft steel, so that if paraffin is 
forced to flow by the application of a very high pressure, and a 
piece of soft steel is imbedded in it, the steel will flow with the 
prtaraffin and will become distorted and twisted with the latter. Soft 
rubber also becomes very hard and brittle under high pressurej in 



Smithsonian Report, 1918. — Bridgman. 


PLATE I. 



Fig. 1. — One of the Halves of a Cylinder of Tool Steel Split by the 
Application of Internal Pressure. 

The ininT Ini', ^trvtcliod from \ inch to 1| Inches. The maxinuim pressure ’w iUi^toud hy this 
c>lmder \vas J0,U00 atmospheres. 



Fig. 2. — Cross Section of a Cylinder of Bessemer Steel Ruptured by 
the Application of Internal Pressure. 

This cylimler was ori'^nnally 2 inches outside and \ inch iii'^ide diameter. The inner hole has l>een 

stretched toT] inches. 



Fig, 3. — View of the Outside of the Cylinder Shown in Fig. 2, Taken 
Before the Section was Made. 
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one experiment a soft rubber washer became so brittle that it 
cracked like glass, and a soft steel washer in contact with the rub- 
ber was forced by the pressure in ridges into the cracks in the rub- 
ber, thus showing that the rubber had become harder than the steel. 

Another all-important task in the preliminary experiments, in 
addition to that pf finding what pressures the steel vessels could 
stand, was to devise some way of accurately measuring the pressure. 
The very simplest method that can be conceived proved to be the 
best in this case. It consists in inserting a steel piston through a 
hole in the wall of the cylinder and measuring the force necessary to 
prevent it from being blown out by the pressure within. There are 
many mechanical difficulties in realizing such a method as this, the 
most obvious being to overcome leakage. To do this the piston must 
fit the hole tightly, but at the same time must fit so freely that there 
is not enough friction to destroy the accuracy of the readings obtained 
by its means. It was found possible, by using a small-diameter pis- 
ton fitting into a comparatively long hole, to take care of both 
these factors. With the gauge as finally constructed, pressures up 
to 13,000 kilograms per square centimeter were measured with an 
accuracy of one-tenth per cent. After high pressures had been suc- 
cessfully measured with such a gauge, it was found possible to con- 
struct gauges of a much more convenient form for actual use, and 
to calibrate them against this, which became an “ absolute ” gauge. 
One gauge that I have used in most of my later work is a manganin 
resistance gauge, which consists of a coil of manganin wire placed 
in the pressure cylinder and connected through insulated leads with 
apparatus for measuring the resistance. The electrical resistance 
of this coil is found to change directly proportionally with changes 
of pressure in the cylinder. Manganin is a very much more conven- 
ient material to use than any pure metal, since the resistance of all 
pure metals decreases as the pressure increases, and the decrease is 
moreover, not proportional to the increase of pressure. 

After the completion of the preliminary work, in which the meth- 
ods of producing and accurately iiieasuring high pressures had been 
decided upon, it was decided to obtain, first of all, measurements of 
compressibilities. The first substance chosen for the measurement 
of compressibility was water, chiefly as it is so common a substance, 
and because many measurements had been made on it previously at 
low" pressures. Water is not absolutely incompressible, as is com- 
monly supposed, but its volume may be very appreciably diminished 
by the application of sufficiently high pressures. Under 12,000 at- 
mospheres a decrease of volume of about 20 per cent is produced. 
The measurements of the compressibility of w ater by the new method 
were found to be satisfactory at comparatively low pressures, but at 
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higher pressures there vrere, quite frequently, discrepancies which 
could not be explained by errors in the apparatus. The tempera- 
ture of these measurements was that of the room, about 20° C. 

Apparently the only possible explanation of the irregularities 
shown was that the water had been frozen by the high pressure, so 
that measurements of the volume at high pressures were sometimes 
being made on the liquid and sometimes on the solid. This explana- 
tion, if it were the true one, indicated a very remarkable state of 
affairs, as the application of ordinary pressures to ice causes it to 
melt. One would expect to be able to melt ice by high pressure, 
therefore, and not to freeze w^ater. 

However, the discoveries of Tammann materially assist in provid- 
ing an explanation of the irregularities found in the compressibility 
measurements referred to above. 

Tammann had discovered that at high pressures there are two modi- 
fications of ice, each of which is denser than water. It would be 
expected that the freezing point of the modified form would be 
raised by the application of pressure, so that possibly the irregulari- 
ties could be explained by the freezing of water to this new form of 
ice at 20° C. under the very high pressures reached in this work, 
which were about five times those reached by Tammann. But the 
fault in this explanation is that Tammann had predicted from meas- 
urements on this new kind of ice that no pressure, however great, 
could possibly raise the freezing point of water higher than about 
— 17°, and a temperature of -1-20°C. was being employed. Care- 
ful investigation of the whole matter was therefore called for, and 
special apparatus had to be designed to attack the new problem. 

To state that it is possible in the experiments to ascertain whether 
the water has frozen to ice or not may appear strange, when it is 
considered that the ice is inclosed in a cylinder and can never be 
seen, because as soon as the pressure is removed and the cylinder 
opened the ice immediately liquefies. As a matter of fact, this can 
not be ascertained, except indirectly. When the water freezes to 
ice, there is a decrease in volume, and this is shown by a drop in 
pressure. Conversely, too, when ice melts to water the volume in- 
creases, which is indi(‘ated by an increase of pressure. 

In the adual measurements the temperature of the water was kept 
constant. In order to increase the pressure, the piston was pushed 
into the cylinder, the distance being measured, and the displacement 
of the piston plotted against the increase of pressure produced. The 
pressure at first increased regularly as the displacement, but when 
the pressure reached a value high enough to freeze the water at the 
particular temperature of the experiment the volume suddenly de- 
creased without the pressure rising at all. Then, after freezing was 
completed, so that there was only solid ice in the apparatus, the pres- 



HIGH PRESSURE — BRIDGMAK. 


191 


sure resumed its regular rise with the displacement. This is illus- 
trated by tlie curve in figure 4, in which the abscissae represent pres- 
sures and the ordinates displacements. 

The pressure at which the piston falls into the cylinder without 
producing a rise of pressure (that is, the vertical part of the curve in 
fig. 1) is the pressure at whicli the water freezes to ice at the particu- 
lar temperature of the experiment. For every temperature the pres- 
sure at which the water freezes is different. Wlien the ice is denser 
than water the freezing temperature increases as the pressure in- 
creases. In this way it is possible to find at what pressure water 



Fig. 1. 


freezes for any given temperature, and so to constriul so-called 
'Mnelting curves.'’ 

It will be noted that the method given above, l^esides determining 
the pres'-ure at whicli water freezes at a given temperature, deter- 
mines another factor. The amount by whicli the piston is pushed in 
wdiile the pres^,ure remains constant evidently indicates the change of 
volume in the Avater while freezing, fro!u which the difference in 
volume between the Avater and the ice can be computed. If we know 
the density of the water, we can calculate immediately the densitv 
of the ice. This is important data, since if both the temj^x'rature and 
pressure at Avhicli the ice melts are known, together with tlie change 
of volume, the amount of beat necessary to melt the ice can also be 
computed. 

The method of experiment outlined above is not original with the 
writer, and has, in fact, been employed by many other previous ex- 
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perimenters. The only important difference is that the new packing 
which I devised makes it possible to obtain a piston which has ab- 
solutely no leak, even at the highest pressures, and so renders possible 
accurate measurements of the change of volume. This has, I believe, 
not been possible before. In all previous experiments there has been 
some leakage around the piston, which made it impossible to obtain 
accurate measurements of the change of volume. 

To return now to the compressibility measurements and the dis- 
crepancies found at high pressure, tlie application of the present 
method of experiment to the study of water showed that there did 
exist a new variety of ice at the high pressures, as had been sus- 
pected. It was found that the new variety of ice was not one of those 



The equilibrium diagram between the liquid and the five solid modifications of water* 

Fig. 2. 

two kincl? previously discovered l)y Tiuuniaim. hut instead, con- 
siderably denser than either of the varieties found by him. In ad- 
dition to this new kind, which is stable at Idgli temperatures and pres- 
sures, I discovered still another kind, not previously known, inter- 
mediate between the new liigli-jn-ossnre ice and tlie two varieties 
found by Tammann, making four varieties of ice denser than water. 
There are, tlierefore. in all at least five different kinds of ice. only one 
of which we arc ordinarily familiar with. 

Figure 2 shows more clearly the ndatiou l)et\veen these different 
kinds of ice. It will be noted that in this figure there are five 
regions, numbered according to the kind of ice to he found within 
the region. Thus, for example, if in an experiment the pressnn* be 
raised to 10,000 or 10* kgm. and the temperature maintained at 0°, 
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these corresponding to the point 10 on the diagram, the water sub- 
stance will be found to exist in the form of ice VI. Or, again, if 
the pressure is *2,000 or 2X10*^ kgm. and the temperature +20‘^ (point 
on the diagram 2, 20), then the water substance is in the form of 
ordinary licjiiid water; or, thirdly, if the pressure is 1,000 or 10^ kgm., 
and the temperature —20° (point on the diagram I, — 20), then 
the water substance is in the form of ice I, the form we are ordinarily 
familiar with. 

On any of the boundary lines of the regions in figure 2 the two 
adjacent forms of water substance are in equilibrium with each other, 
but if the state of the mass be changed slightly so that it is repre- 
sented by a point within either of the regions, the kind of ice in 
that region prevails and the other disappears. Thus, let us suppose 
that there is ordinary ice, ice I, at say — 10° and atmospheric pres- 
sure, in the apparatus at the beginning of an experiment, then if 
the pressure be increased (kee])ing the temperature constant at 
““ 10°) at about 1,000 or 10^ kgm. (point I, — 10), the ice melts to 
water. But if now we continue to increase the pressure, at about 
4,400 or 4.4X10'' kgm. (point 44, — 10), the liquid water freezes 
again to a new kind of ice, ice V, which is denser than water. If 
we still further increase the pressure, at about 6,300 or 6.3X10^ 
(point 6.3, — 10), the ice V suddenly changes to ice VI, the volume 
again decreasing during the change. Or, if we commence at atmos- 
pheric pressure and —30° (point 0, —30), and increase the pres- 
sure. we first change ice I (ordinary ice) into ice III, then, on still 
lurther increasing the pressure, ice III changes to ice II ; on further 
increase, II changes to V, and finally V changes to VI. The high 
temperature to v:hich the curve between ice VI and the li(iuid runs 
is of interest; by the application of 20,000 or 20X10^ kgm. We may 
freeze water, although it is nearly boiling hot. 

The manner in which one ice changes into another is truly remark- 
able. IVe knoAv that water freezes slowly or that ice melts slowly, but 
some of thcbC kinds of ice will change into another kind so rapidly 
that the reaction reminds one of an explosion. For instance, if ice I 
is changed to ice III at —25°, the reaction takes place so suddenly 
that it is impossible to follow the change of pressure which takes 
place after the reaction. On several occasions I have heard a click 
in the apparatus wlien the transformation took place, so rapid was it. 
Still another remarkable thing is that the effect of temperature on 
the velocity of the reaction is very gi*eat indeed. If ice I is cooled to 
about —50°, the reaction occurs so slowly that it takes hours for its 
completion. Similar behavior is found also on the curves III-V and 
V-VI: the reaction from one solid form to another is very rapid 
indeed at temperatures near the melting temperatures, but as the tem- 
perature is reduced the speed of the reaction becomes very much less. 
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This is the reason tliat the curves separating the domains of the 
dilferent kinds of ice could not be followed to lower temperatures 
than are shown in the diagram. At lower temperatures the reaction 
becomes so very slow that it would have taken days to obtain a single 
point. It is to be expected that the curves separating II and V and 
V from VI will continue to run to lower temperatures, that they will 
linally meet, and that from the point of intersection a new equilib- 
rium curve, the curve between II and VI, will start. The point at 
which any three curves meet in the diagi^am is called a triple point. 
It will be noticed from the figure that two curves never meet without 
a third curve starting from the point of intersection of the other two. 
This is always true, provided that on two of the curves there is a 
phase in common ; it may be proved mathematically that such is the 
case, but to prove this here would take us too far afield. 

The fact that ice I gives place to ice II at a certain pressure has one 
practical application. We have often heard of the ijnmense pressures 
developed when water is allowed to freeze in a closed vessel. Bui‘st 
water pipes are a familiar example of this, and there are also well- 
known experiments in Avhich cannon balls ha\ e l:>een split open by 
freezing water. It is of interest to impure how much pressure might 
be reached in this way. The diagram furnidies an answei* to tlic 
question, as it shows that if the pressure on the ice during freezing 
should rise too much oA^er 2.000 or 2x10" kgm., corresponding to 
oO.OOO pounds per square inch, the ordinary ice would change to ice 
III, which has a much IcbS volume, so that the ice would tend to 
shrink and the rise of pressure Avould be arrested. Thirty thousand 
pounds per square inch is, therefore, the highest pressure that can be 
obtained by freezing water in a closed space. 

A word as to the possibility of j^roving that the various new forms 
of ice that have been described are really solids. All that has been 
shown in the experiments is that at certain pressures and tempera- 
tures there is a sudden change of volume. Thi^ must mean a change 
of some Ifind in the molecular structure of the substance, but on Avhat 
grounds can it he said tliat the change is a change to solid form'^ 
May not there conceivably be tM o modifications of the lit^uid? The 
answer is, first, that no substance is known whlcli has two modifi- 
cations of the litpiid, but that many are known whicli have two solid 
forms. Xone of our ideas of the molecular structure of solids or of 
liquids would lead us to think that two liquid forms of a substance 
are possible. Secondly, Tammann has given direct experimental 
prr)of that the two forms of ice. II and III, are really solid. He did 
this by cooling the cylinder containing the ice to the temperature of 
liquid air, and then opening the cylinder after pressure had been re- 
lieved, still keeping the temperature at that of liquid air. Of course, 
as soon as pressure was relieved, the ice II or III, whichever it hap- 
pened to be, became unstable, but at this low temperature the reac- 
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tion from the unstable to the stable, or ordinary ice, runs very slowly 
indeed, so that there was time enough to examine the contents of the 
cylinder, after opening it, before all the unstable variety had disap- 
peared. It was found that the new substance was indeed a solid, 
and that as it changed into oidinary ice it increased greatly in vol- 
ume. Tammann performed this experiment for both the varieties II 
and III. It might perhaps be possible to repeat the experiment for 
the other two varieties, Y and ^"I, but the chances of success are very 
much less, because atmospheric pressure is so much further removed 
from the equilibrium pressure for these two varieties that the reac- 
tion would be expected to run very much more rapidh\ What is 
more, the behavior of these new varieties is in all respects like that of 
the two varieties which we know to be solid ; that is, under some con- 
ditions the reaction velocity is much greater than it ever is when a 
liquid passes to a solid. Also, in some cases Avhen one variety changes 
to another, enough pressure is exerted on the thin steel vessel contain- 
ing the ice to rupture it. It is difficult to conceive Iioav a liquid would 
develop enough pressure to rupture a steel vessel; one would expect 
instead that it would flow away, relieving the pressure as fast as it 
was formed. Tlie overwhelming probability from all the evidence is, 
therefore, that the other two varieties, Y and YI, are solid also. 

THE COAOULATIOX OF ALBUMEN BY PBESSURE.^ 

If the white of an egg is subjected to hydrostatic pressure at room 
temperature it becomes coagulated, presenting an appearance mucli 
like that of a hard-boiled egg. In my experiments the albumen was 
inclosed in a nickel -steel case and pressure transmitte<l to it by mer- 
cury. Pressure may be applied so slowly that the rise of temperature 
due to the compression is inappreciable. At room temperature (20°) 
the limits of pressure necessary to produce the coagulation wex'e 
fairly well marked. A pressure of 5,000 atmospheres ( 75,000 pounds 
per square inch) applied for 30 minutes produced a perceptible stif- 
fening of the white, but little more : G.OOO atmosphere for 30 minutes 
produced a coagidation in appearance like curdled milk; while 7.000 
for 30 minutes resulted in apparently complete coagulation, the white 
being capable of standing under its own weight. 

I have made no attempt to determine whether the nature of the 
coagulation produced by pre-sure is the same as that produced by 
heat. If one can judge by appearances the two may be dilferent. In 
the course of 21 hours there separates from the pressure-coagidated 
white a small quantity of some watery fluid, in which the coagulated 
part remains insoluble. 

TWO NEW MODIITCATIOXS OF PIIOSPHOUI^S.^ 

The two modifications of phosphorus to be described here wTre 
obtained during an investigation of the effect of high pressure on the 

^ Abstracted from tlie Juunial of Biological Chomihtry, Vol. XIX, No. 4, 1914. 

Extracted from tbe Journal of the American Chemical Society, Tol. XXXVI. Xo. 7. 
July, 1914. 
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melting point of ordinary white phosphorus. The two new forms 
have perfectly distinct characteristics ; in this they are different from 
the questionable modifications of red phosphorus often announced. 
The first of these modifications is a new form of white phosphorus, 
which changes into the ordinary white modification reversibly under 
the proper conditions. The second is a form obtained irreversibly 
from white at high pressures and moderate temperatures, which is 
15 per cent more dense than Hittorff's metallic ” red phosphorus. 

WHITE PHOSPHORUS II. 

The new modification of white phosphorus was first produced by 
increasing pressure on ordinary white phosphorus to about 11,000 
kg./cm.“ at 60"^. The existence of the new form was shown by a dis- 
continuous change in the volume at this pressure. A number of 
points on the transition curve of these two modifications were then 
obtained at temperatures down to 0°, and the corresponding changes 
of volume, when one modification passes to the other, were measured. 

The appearance of this new form in bulk is much like that of ordi- 
nary white phosphorus. It may possibly be a trifle yellower, and 
t lie re are likely to be cracks formed because of the volume contraction 
of about *2 per cent when the transition occurs. 

An attempt to obtain the crystalline form was partially successful. 
A solution of white phosphorus in carbon disulphide was allowed to 
crystallize at the temperature of ii mixture of carbon dioxide snow and 
gasoline. The phosphorus separates out as a slush composed of fine 
crystals. Microscopic examination showed that the usual cryvstalline 
habit is in needles, about five times as long as broad, with pointed ends 
of about 60°. It was not possible to specify further the shape of the 
needles. Scattered among the needles, however, there were occa- 
sional plate-like forms of unmistakable hexagonal shape; several 
nearly perfect hexagons were found. The great probability is, 
therefore, that this new modification belongs to the hexagonal system. 
The crystalline form of the usual modification is regular. 

RLACK PHOSPHORUS. 

Black phosphorus was discovered during an attempt to force ordi- 
nary white phosphorus to change into red phosphorus by the applica- 
tion of high hydrostatic pressure, at a temperature below that at 
which the transformation runs with appreciable velocity at atmo- 
spheric pressure. Pressure up to about 6,000 kilograms per square 
centimeter was applied at room temperature to the phosphorus 
through the medium of the kerosene; the cylinder was raised to 200° 
in an oil bath controlled by a thermostat, and the pressure was then 
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raised to from 12,000 to 13,000 kilograms. The transition from 
white to black phosphorus occurs under these conditions in from 5 to 
30 minutes. The pressure drops at first very slowly, then more 
lapidly, until apparently a critical point is reached somewhere be- 
tween 11,000 and 12,000, at which it drops suddenly to about 4,000 
kilogiams. Pressure may then be increased again (with the form 
of apparatus used this secondary increase could not be carried 
beyond 11,000 kilograms) with no further drop of pressure. On 
cooling the lower cylinder and relieving pressure, the white phos' 
phor is found transformed into a black substance of very much 
smaller volume than the original white phosphorus. Proof will be 
given presently that this is a modification of phosphorus, not a com- 
pound. This experiment has been repeated successfully every time 
that it has been tried, now five times in all. About 50 grams of 
black phosphorus may be formed at a time. 

An attempt to form black phosphorus from white at 175° and 
nearly 13,000 kilograms was without success. Also an attempt to 
f)roduce black phosphorus from commercial powdered red phos- 
phorus, which had been inoculated with a small piece of black phos- 
ydiorus, was without result in 40 minutes at 12,900 kilograms and 
200°. Another attempt to produce black phosphorus from the mas- 
sive red phosphorus, to be described later, was also unsuccessful after 
30 minutes at 12,900 kilograms and 200°. 

The black phosphorus presents two distinct characteristic frac- 
tures. In some places the fracture is coarsely granular like sugar, 
apparently crystalline, but the grains under a low-power microscope 
show no semblance of crystalline form. In other places where the 
flow under pressure was great, the fracture is fibrous with a metallic 
luster, very much like graphite in appearance. In spite of the high 
pressure of formation, the mass of the black prosphorus is permeated 
with pores, some of which may be several millimeters in diameter. 
These pores may at first be filled with kerosene. The presence of 
these pores doubtless accounts for the slight apparent increase in 
weight of the specimen after the transformation. 

In order to prove that the substance formed was really a new modi- 
fication of phosphorus and not a compound, a colleague very kindly 
made an analysis of two samples at the chemical laboratory of Har- 
vard University. The results of the analysis are as follows: 


Wight of 
black phos- 
phorus. 

M’eisrht of 
Mg3r207. 

Per cent, 
phos- 
phorus. 

0 lfi22 ! 

' .1754 ! 

] 

0.^669 

,<olb2 

97.5 

98.3 


136650 ‘’—20 14 
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The most striking ditference between the new black phosphorus 
and previously known modifications is its high density. The density 
of ordinary solid white phosphorus is 1.83, and that of red phos- 
phorus may vary according to the method of preparation from 2.05 
to a maximum of 2.34 for Hittorff's “metallic” crystallized red 
phosphorus. Nine determinations of the density of different speci- 
mens of black phosphorus were made. We accept the value 2.691 
as the true density of black phosphorus, a value 15 per cent higher 
than that of the most dense variety of red phosphorus. The con- 
clusion is inescapable that this is a new modification of phosphorus, 
quite distinct from red phosphorus, and because of its higher density 
presumably a more stable form. 

Black phosphorus does not catch fire spontaneously, can be ignited 
with difficulty with a match, and may be heated to perhaps 400° in 
the air without spontaneous ignition. Unlike commercial red phos- 
phorus, it can not be ignited by striking with a hammer on an anvil. 
It is almost, if not entirely, stable in the air. A few simple tests 
seemed to show that it is much like red phosphorus in chemical 
properties; it is attacked by cold nitric acid, is not acted on appre- 
ciably by sulphuric acid, and is not dissolved by carbon disulphide. 

AVhen black phosphorus is heated in a closed glass tube it vapor- 
izes and condenses in the colder parts of the tube to red and white 
phosphorus. The appeai’ance under these conditions is exactly 
the same as when red phosphorus is similarly treated. It would 
seem, therefore, that the A^apors of black and red phosphorus are, at 
least in large part, identical. 

Black phosphorus is a fairly good conductor of electricity, in dis- 
tinction from white and red phosphorus, Avhich in the pure state 
seem to be nearly perfect insulators. The specimen of black phos- 
jAhorus Avhose conduct iAuty was measured here was selected from 
all the available pieces for its great apparent compactness. It Avas 
prepared by turning in a lathe, leaving for the final test a cylindrical 
piece about 1.52 centimeters in diameter and 2.69 centimeters long. 
The electrodes were attached by copper plating terminals on the 
plane ends and soldering copper Avires to the copper plating. 

The value found for the specific resistance is 0.711 ohms jAcr cen- 
timeter cube at 0°. The temperature coefficient of resistance has a 
large negatiA^e Aalue, and between 0° and 75° the relation between 
temperature and resistance is nearly linear. At 0° it is —0.00465. 
This is an unusually high value, higher than for any substance usu- 
ally listed. It is about 10 times higher than for carbon, and makes 
it practically certain that the small amount of carbon known to be 
present can not be taking a large share in the conduction. It should 
be remarked that in respect to the sign of the temperature coefficient 
black phosphorus is not like the metals. 
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It may pay to pause here to take thought of this conductivity of 
black phosphorus. Here is a substance which in two modifications 
possesses no electrical conductivity, but in some way, when the atoms 
are rearranged more closely together, sets free electrons and becomes 
a conductor. As we might expect from its electrical conductivity, 
black phosphorus is also a rather good conductor of heat. 

THE KELATIOX OF THE SEVERAL MODIFICATIONS. 

The most important problem conected with this new modification 
is the determination of its relation to the other known modifications 
of phosphorus. It was hoped that the existence of this new modifi- 
cation might offer some clue to the vexed question as to the true 
nature of red phosphorus. Some facts of importance have been 
found, but the exact nature of the relationship has not yet been 
discovered. 

In the light of experiments [here omitted] the explanation is sug- 
gested that red phosphorus is a transformation product from white 
2)hosphorus to something else, in which the transformation has not 
run to comjiletion, but is prevented by friction. 

With regard to the relation between black and red phosphorus 
we can offer only conjectures. It does seem jiretty certain, however, 
that red and black can not stand in the relation of ordinary mono- 
trojiic solids. If they did bear this relation, the black must be the 
more stable form, becau^^e of its lower vai)or pressure, and in this 
case we can not understand the failure of the red to condense as black 
out of its vapor. The fact that the black apparently melts to the 
same liquid as the red is puzzling. It may be that the relations 
here are the same as in the vajxu’ jihase ; that is, liquid black phos- 
jihorus may be unstable, and may transform itself irreversibly to 
liquid red as rapidly as it is formed. 

In a later paper ^ Doctor Bridgman gives by the aid of diagrams 
the evidences of transformations of JO substances. Some are solid, 
others liquid in their ordinaiy forms, but like water and phosphorus 
they each change into several solid modifications of new projierties 
when placed under different conditions of temperature and immense 
jiressure. In addition to these he has examined about a hundred 
other substances which do not show such transformations. Xo 
doubt all these facts will be made use of in the now rapidly jiro- 
gressing new theory of the internal structure of atoms and mole- 
cules which has been born out of the discovery of radio-activity. 

Doctor Bridgman s views in regard to the nature of the phenom- 
enon arc ex2>ressed as follows: 

A (T\stal is suppostMl to be coinposefl of units, atoms, or molecules, as the 
case may be, which remain the same in <Iifferent polymorphic forms. Foly- 


1 Proc. Nat. Acad. Sd., Vol. I, p. 518. 
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morphism is to be regarded in its most general aspect as due to regrouping 
of tliese units in different arrangements. One of the units is to be thought ot 
as terminated by rigid boundaries; that is, each unit has shape as definite as 
a brick has shape. Furthermore at <lifferent localities on the surface of the 
units ihore are localized centers of force (attractive usually), so that two 
units, if free, will tend to come together with a definite orientation. A crystal 
is to be regarded as a system in which a compromise has been affected between 
the arraiigeineiit which the units would take in virtue of the action of the 
localized centers of force, the arrangement into which the units would be 
urged by external pressure or the mean internal pi*essure so as to occupy the 
smallest possible volume, and the chaotic disarray which temperature agitation 
tends to pro<luce. 

One implication of the view that regards crystals as built from blocks of 
definite shape is especially insisted on. Only in excepticmal cases will the 
edifice constructed from the blocks be such that there will be no unfilled crevices 
around tlie corners, and in no case where there are two x)ossible structures 
of different volumes will such empty spaces be absent in at least one of the 
structures. These empty spaces are to be thought of as playing an essential 
part in the phenomena of polymorphism. 

THE ELErTRICAL RESISTANCE OF ^METALS FXDER PRESSURE.’ 

In this paper the effect of pressure combined with temperature on 
the electrical resistances of 22 metals is investigated. The pressure 
range is from atmospheric pressure to 12,000 kilograms per centi- 
meter square and the temperature range from 0° to 100°. The ap- 
paratus is in all essentials the same as that previously used. It 
C/onsists of two parts, an upper and lower cylinder connected by a 
stout tube. In the upper cylinder pressure is produced by the descent 
of a piston driven by a ram. The upper cylinder is kept at constant 
temperature and contains the coil of manganin wire which gives the 
pressure by its change of resistance. The lower cylinders of two dif- 
ferent lengths were used, according as the wire to be measured was 
insulated and so could be coiled into a narrow space or was bare and 
had to be wound in spiral grooves on a core. 

It is essential that the method of winding be such that the pressure 
is transmitted freely to all parts of the coil without any mechanical 
hindrance from the frame on which it is wound. This object is ob- 
viously at once obtained when the wire is wound on itself without 
a core, but this method is feasible only when the wire can be covered 
with silk insulation without damage. If the wire is soft like lead 
it can not be covered without damage and must be wound bare on 
some sort of a core. Several attempts were made before suitable 
material for a core was found. At first hard rubber was used, but 
this is so compressible that at the highest pressures the wire drops 
out of the grooves and is so expansible that at the highest tempera- 
tures the wire is stretched, 

1 Abstracted from Proceedings American Academy of Arts and Sciences, Vol. 52, No. 9, 
Feb., 1917. 
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Finally, bone was found to be satisfactory from both points of 
view. 

Precautions relating to the freedom of constraint from the vis- 
cosity of the transmitting medium, the purity of the substances 
examined, the accuracy of the temperature determinations, and the 
seasoning of coils by exposures to high pressures and various tem- 
peratures were carefully attended to. Measurements of the change 
of resistance were made at intervals of 1,000 kilograms at 0^^, 25*^, 
50°, 75°, and 100°. Two readings were made at the maximum and 
two zero readings, one before and one after the run. There is 
usually no perceptible ^‘hysteresis” or difference between the read- 
ings on increasing pressure and those found later on decreasing 
pressure. I had not expected results so favorable. 

After every change of pressure some time is necessary before the 
next reading can be made because of temperature disturbance due 
to the heat of compression. This change of temperature is in many 
cases so great as to entirely mask the effect of change of pressure. 
The effect is very troublesome, as it may need as much as 30 or 45 
minutes to reach temperature equilibrium for each change of pres- 
sure. iWithout some trick of procedure, a run at a single tempera- 
ture might occupy seven or eight hours and is excessively tedious. 
This was avoided by running somewhat beyond the pressure desired 
and then, after most of the heat of compression had been dissipated, 
bringing the pressure back to the desired mark. With a little 
practice temperature equilibrium is reached in five or seven minutes. 
If the apparatus is in good running order a complete run on one 
substance at one temperature could usually be made in about two 
hours, and, including all manipulations, runs at two different tem- 
peratures could easily be made on a single substance in a working 
day, 

GENERAL CIIARAC'TER OF RESULTS. 

The effect of pressure on all the metals tried, with the exception 
of antimony and bismuth, is to decrease the resibtance. To a first 
approximation the relation between pressure and re^htance is linear. 
To a second approximation the relation is not linear, but the initial 
rate of decrease of resistance is in all cases gi^eater than that at 
higher pressures. 

In the case of some of the softer metals, unusual means were taken 
both in the preparation of the wire and in its use. which may be 
of interest to the reader. As, for example, consider indium. A 
sample of only 1 gram in amount was availabl(L This metal is as 

soft or softer than lead. It was extruded — that is, forced out 

into a wire of 0.006 inch diameter with a die of special construction. 
Indium oxidizes much less rapidly than lead; after extrusion the 
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surface of the wire is brightly polished and remains so for several 
weeks when exposed to the air. It was wound loosely on a bone 
core. Connections were made by soft soldering with a miniature 
copper, using a fusible solder of melting point slightly above 100^. 
There is some difficulty in making a successful soldered connection 
because of the low melting point of indium, which is about 155'^. 
It alloys very rapidly with any ordinary solder, forming an alloy 
of much lower melting point than any of the constituents. It must 
be caught by the solder with a single well directed touch. 

Successful runs were made at 0°, 25°, and 50°, but at 75° the 
soldered connections dropped off. Difficulty because of alloying 
also made it necessary to omit the usual temperature seasoning. 
This in any event is not so necessary for a low melting metal as 
for a higher one. 

Without going into the details of Doctor Bridgman's measure- 
ments, in which he follows the changes of the various phenomena 
observed as they depend upon pressures and temperatures at differ- 
ent magnitudes, it may be interesting to the reader to give a brief 
summary of the behavior of a score of metals with regard to the 
coefficient of change of resistance for varying temperature and vary- 
ing pressure. I take this data from Doctor Bridgman's publication 
without intending to iiiiply that it is altogether new. 


cocfficicn ts. 
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For tempera- 
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In regard to the details of the results, for which the reader should 
consult the original paper, Doctor Bridgman says: 

To sum up : Different metuls show iniiior irregularities in behavior, but they 
are alike in several general features which must be the first task of any theory 
to explain. These general features are the approximate constancy of pressure 
coefficient with temperature, and the accompanying constancy of temperature 
coefficient with jiressure; contrasted with this the pronounced decrease of .in- 
stantaneous pressure coefficient with rising pressure. It has been obvious 
enough that the data have presented no spectacular features, and I must con- 
fess to a sense of disappointment that an extension of the pressure range to 
at least fourfold that of previous measurements has brought out no striking 
new facts to reward the extra effort. When the magnitude of the change of 
volume produced by a pressure of 12,000 kilograms is considered, however, 
it does seem that the results acquire a physical significance great enough to 
justify the extension of the range. The volume of many of the metals at 0° C. 
and 12,000 kilograms is less than the volume at atmosphere pressure and 0° 
Abs. The resistance of most metals tends toward zero at 0° Abs,, but under 
great pressure at 0° G., at the same volume as at the absolute zero, the resistance 
is only a few i)er cent less than under normal conditions. Any valid theory 
must explain the surprisingly little effect of the element of volume alone apart 
from the element of temperature. It is furthermore known that at very low 
temperatures the connection between resistance and temperature changes its 
( liaracter; the relation ceases to be linear, and the resistance curve approaches 
the origin tangentially to the temperature axis. Whether the abrupt dis- 
continuity shown by several metals a few degrees above 0'^ Abs. is an effect 
of a polymorphic transition does not yet seem to be settled. It is significant 
that no trace of any such effect is to be found at room temperature as the 
volume is decreased toward and beyond its value at 0° Abs. The question 
whether there is a change in th(' character of the resistance curves as the 
volume approaches that at 0° Abs. could not, of coxirse, have been answered by 
measurements over a small pressure range ; it is perhaps some justification of 
the extension of range that this question can now bo answered. 

An estimation as to the comparative volumes at (12,000 kg., 0° C.) and 
(0 kg., 0° Abs.) is given in the accompanying table. The values of compressi- 
bility used in the computations have been taken from Richards, assuming con- 
staney over the i)ressure range, and the volume at 0° Al>s. has ])eeu taken from 
the <lata of Ch. Lindeiuann on linear expansion to 20** A])S. 


(*o)}i})arison of vh(in<j( s' of volume jivoducnl hy temperature and 

pressure. 

iLotah 

Change of 
volume be- 
tween 0° C. 
and 0® Abs. 
at 0 kg. 

Change of 
volume be- 
tween 0 kg. 
and 12.000 
kg. at 0® C. 


' 0.01S9 

.0057 
.0006 
.oins 

.007S 

1 

0.0275 

.0200 

.0173 

.0119 

.0089 

Zinc 

Aluminum 

Silver 

Copper 



In general, the data are givtm for the change of resistance of 22 metals be- 
tween 0° and C. over a pressure range from 0 to 12,0(X) kilograms. Three 
of the metals are abnormal ; l)ismuth and antimony both have a positiv(‘ pressure 
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coefficient, and the pressure coefficient of tellurium has an abnormally large 
negative value. The other 19 metals are of different behavior, but in broad 
outline the behavior of all is alike. 

In his last published investigation ^ Doctor Bridgnian has examined 
the thermo-electric properties of 22 metals, including thermo- 
electromotive force, Peltier heat, and Thomson heat: 

The results of this paper, unlike those of the previous paper on resistance, 
are almost entirely novel; the nature of the results to be expected was not 
known, and accordingly these effects, so far as affected by pressure, were not 
available for any theoretical considerations. Previous measurements on the 
effect of pressure on thermo-electromotive force are very few in number, and 
cover a very restricted range. The maximum pressure heretofore reached 
has been by Wagner, 300 kilograms. 

The range employed in this work covers 20 pure metals and 2 alloys and 
all pressures up to 12,000 kg./cm.^ and all temperatures between 0° and 100°. 
The nature of the results was unexpectedly complicated. The normal state 
of affairs is apparently a positive effect of pressure on both Peltier and Thom- 
son heats, but there are numerous examples of negative effects, ami almost 
none of the metals show regular variation of these quantities with pressure 
and temperature within the range. Three metals, tin, iron, and aluminum, 
show complicated variations of the thermo-electromotive force. The unex- 
pected complications found make these results disappointingly meager in their 
suggestions as to the nature of the thermoelectric mechanism. The results 
suggest most strongly that the thermoelectric mechanism must be complicated, 
that it can not be at all of the simplicity imagined by the free electron theory, 
and that most likely the effects which we measure are the resultant of different 
effects, which sometimes, at least, work in opposite directions. What these 
effects may he, we are not in a position at present to speculate. 

It may not be too daring to say that it seems to me that much of my pre- 
vious work on high-pressure effects at least suggests a direction in which we 
may look for the explanation of these complications. I have shown in detail 
that probably the properties of both liquids and solids are to be explained in 
terms of the same agency, the effect of the characteristic shape of the atoms, 
or, if one prefers to expres.s it so, the nature of the held of force surrounding 
the atom. It seems most probable tliat the electrons in jinssing from atom to 
atom, or in playing about between the atoms, may be subjected to forces chang- 
ing in a complicated way as the atoms are forced into positions of varying 
degrees of adaptation to each other’s irregularities. 


1 Proceedings of the An>erican Academy of Arts and Sciences, Vol. 53, 1918. 



THE PROBLEM OP RADIOACTIVE LEAD.^ 


By Theodore AV. Richards, Harvard University. 


We meet to-day with happiness which six months ago would have 
seemed beyond the bounds of reasonable hope. After anxious montlis, 
the confidently awaited victory, which last spring still seemed far 
away, has croAvned the cause of justice, truth, and liberty. We in 
America rejoice that this cause is our cause, and that at the most 
critical time we Avere able to render effective help to the staunch and 
braA^e allied forces which had fought so long and so nobly. 

The object of this address is not, howeATr, to appraise the military 
issues of the great war so fortunately ending, nor to deal with the 
weighty international problems now faced by the world, but rather 
to bring before you other considerations, having to do with the ad- 
vancement of science. 

The particular subject chosen, namely, the problem of radioactive 
lead, is one of peculiar and extraordinary interest, because it in- 
\mlves a readjustment and enlargement of many rather firmly fixed 
ideas concerning the chemical elements and their mutual relations, 
as well as the nature of atoms. 

Within the last tAventy years the definition of these two AAmrds, 
“ elements ” and “ atoms,” has been rendered somewhat uncertain and 
bids fair to suffer even further change. Both of them arc ancient 
words, and both even a century since had acquired meanings different 
from those of long ago. Thales thought of but one element, and 
Aristotle’s elements — earth, air, fire, water, and the quintessence, 
derived perhaps from yet more ancient philosophy — were not plenti- 
ful enough to account for all the manifold phenomena of nature. 
Democritus’s old idea of the atom was associated rather with the 
philosophical conception of indivisibility than Avith the idea of chem- 
ical combination in definite proportions. To-day many chemists and 
physicists think that the chemical atoms of the last century are no 
longer to be considered as indivisible. In that case, the old Greek 
name atom ” is no longer fitting, because it denotes indivisibility. 
Some one has eA^en facetiously suggested that the word “tom” — 
indicating divisibility — would be more appropriate. Moreover, if 

^ Address of the president of the American Association for the Advancement of Science, 
Baltimore, December, lOlS. Reprinted by permission from Science, N. S., A’ol. XLIX, Xo 
1253, pp. 1-11, Jan. 3, 1919. 
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our so-called atoms are really divisible, ve can not but be somewhat 
doubtful as to our definition of the ultimate elements of the universe. 
The reason for this new turn of thought is due, as you all know, to 
the discovery of the unexpected and startling phenomena of radio- 
activity. 

To-night we have to deal with a substance directly concerned with 
the iconoclastic radioactive changes — ^with the very phenomena which 
cause us to stop and think about our definitions of atoms and ele- 
ments. For the lead obtained from radioactive minerals appears to 
have resulted, together with helium, from the radioactive decompo- 
sition of elements of higher atomic weight. Skeptical at first, the 
whole chemical world has now come to acknowledge that the well- 
defined element, helium (discovered by Sir AVilliam Eamsay 23 years 
ago), is one of the decomposition products of radium. Kadiiim itself 
is a substance which, in many respects, acts as an element, with 226 
as its atomic weight, and must be considered as the heaviest member 
of the well-known calcium family ; hut its atoms appear to be so big 
and so complex as to disintegrate because of lack of stability. The 
disintegration is .slow, and not to be hastened or retarded by any 
agency known to man; 1,GT0 years are demanded for the decomposi- 
tion of half of any given portion of radium, according to the exact 
measurements of Profes^^ors Boltwood and rxleditsch. ]Moreover, 
we have reason to believe that this decomposition proceeds in a 
series of stages, successive atoms of helium (five in all) being evolved 
with different degrees of ease by any given atom of radium. In the 
end most, indeed probably all, of the residual part of the radium 
appears to have been converted into the peculiar kind of metallic lead 
with which we are concerned to-night. The nature of the end- 
product was fir^t suggested by Boltwood, who pointed out the in-; 
variable i)resence of lead in radium minerals. Thus we must accept 
a kind of limited transmutation of the elements, although not of the 
immediately profitable type sought by the ancient alchemists. 

Interesting and significant as all of this is, nevertheless the whole 
story has not yet been told, Padium itself appears to come from the 
exceedingly slow decomposition of uranium, an inference drawn from 
the fact that radium is found only in conjunction with the uranium, 
which even after careful purification soon becomes radioactive and 
gives every indication of suffering slow disintegration. Moreover, 
uranium is not the only -other heavy element which appears to be 
capable of decomposing and yielding elements of louver atomic 
weight. Another, thorium, has a like propensity, although the steps 
in this case are perhaps not so fully interpreted, nor so generally 
accepted. In the process of disintegration all these heavy atoms yield 
strange radiations, some of them akin to^^or identical with X rays, 
which hear away that part of the colossal energ}' of disintegration 
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not made manifest as heat. These facts have been proved beyond 
doubt by the brilliant work of Professors Becquereh Marie Curie, P. 
Curie, Sir Ernest Kutherford, and others. 

The nature of the rays, and of the liighly interesting evanescent 
transition px'oducts and their relation to one another, is too complex for 
discussion now. We are concerned rather with the nature of the more 
permanent of the substances concerned — especially with the starting 
point, uranium (possessing the heaviest of all atoms), radium, and 
the lead which seems to result from their disintegration. Omitting 
the less stable transition products, the most essential outcomes are 
roughly indicated by a sort of genealogical tree herewith shown : 


HYPOTHESIS COXCEUXING THE DISIX TEGKATIOX OF UKAXIIJM. 


rranium 

I \ 3 Helium 
liadium 

i \ 1 Helium 
Kma nation 

i \ 4 Helium j 
Lea<l (I^^otopic) 


S Helium 


Thus each atom of uranium is supposed to be coiiveited into radimn 
by losing three atoms of helium, and each atom of radium is sup- 
posed to be converted into a kind of lead by losing five more, as 
already stated. 

If uranium can thus disintegrate, should we call it an element, 
and should we call its smallest particles atoms? The answers de- 
pend upon our definition of these two words. If the word “ ele- 
ment is supposed to designate a substance incapable of disintcgi*a- 
tion, aj)parently it should not be applied to uranium ; neither should 
the word “ atom be applied to the smallest conceivable particles of 
this substance. But no one would now maintain that any element 
is really incapable of disintegration. A method of still retaining 
the terms in this and analogous cases is to define an element as a 
substance which has not yet been decomposed artificially," that is 
to say, by the hand of man — and an atom as ‘‘ the smallest particle 
of such a substance, inferred from physicochemical behavior." The 
atom, then, is not to be considered as wholly indivisible, but only as 
indivisible (or at lea>st as not yet divided) by artificial means. For, 
as in the case of radium, the disintegration of uranium can not be 
hastened or retarded by any known earthly agency. So long as it 
stays intact, the atom of uranium behaves quantitatively in the same 
fashion as any other atom; Dalton’s laws of definite and multiple 
combining proportions apply without exception to its compounds. 
In this connection one should remember that the atomic theory, as a 
whole, including Dalton's and Avogadro's generalizations, is not 
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in the least invalidated by the new discoveries of radioactivity. On 
the contrary, the atomic theory is entrenched to-day more firmly than 
ever before in its history. 

Interesting speculations by Doctors Eusselh Fleck, Soddy, and Fa- 
jans and others have interpreted in extremely ingenious and plausible 
fashion the several transitory steps of the changes, and indicate the 
reasons why the end products of the decomposition both of uranium 
and thorium should be very similar to lead, if not identical with it. 
Therefore a careful study of the properties of lead of indubitably 
radioactive origin became a matter of great interest, as a step toward 
confirming these speculations, especially in comparison with the 
properties of ordinary" lead. Such investigations should throw light 
on the nature of radium and uranium and the extraordinary changes 
which those metals suffer. Moreover, by analog}% the resulting con- 
clusions might be more or less applicable to the relations of other 
elements to each other; and the comparison of this new kind of lead 
with ordinan" lead might afford important information as to the 
essential attributes of elementary substances in general, in case any 
differences between the two kinds should be found. 

Before the subject had been taken up at Harvard University, chem- 
ists had already recognized the fact that the so-called uranium-lead 
is indeed qualitatively A^ery like ordinary lead. It yields -a black 
sulphide, a yellow chromate, and a white sulphate, all very sparingly 
soluble in water, just as ordinary lead does. Continued fractional 
crystallization or precipitation had been shown by Professor Soddy 
and others to separate no foreign substance. Hence great similarity' 
Avas proved ; but this does not signify identity. Identity is to be es- 
tablished only by quantitative researches. Plato recognized long ago, 
in an often-quoted epigram, that when weights and measures are left 
out little remains of any art. Modern science eclioes this dictum in 
its insistence on quantitative data ; science becomes more scientific as 
it becomes more exactly quantitative. 

One of the most striking and significant of the f[uantltative proper- 
ties of an element is its atomic weight — a number computed from the 
proportion by weight in Avhich it combines with some other element, 
taken as a standard. There is no need, before this distinguished audi- 
ence, of emphasizing the importance of the familiar table of atomic 
AATights; but a few parenthetical Avords about their character is per- 
haps not out of pla(^e. As has been more than once said, the atomic 
weights of the I'clath^ely permanent elements, Avhich con>tltute almost 
all of the crust of the earth, seem to be concerned Avith the ultimate 
nature of things, and must haA^e been fixed at the very beginninor of 
the uniAxrse, if indeed the universe eA^er had any beginning. They 
are silent, apparently unchanging witnesses of the transition from the 
chaos of old philosophy to the existing cosmos. The crystal 
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of quartz in a newly hewn piece of granite seems, and probably is, as 
compact and perfect as it was just after it was formed, eons ago. We 
can not imagine that any of its properties have essentially changed 
during its protracted imprisonment; and, so far as we can guess, 
the silicon and oxygen of which it was made may have existed for 
previous eons, first as gas, and then as liquid. The relative weights 
in which these two elements combine must date at least from the 
inconceis ably distant time when the earth ‘Svas without form and 
void.” 

Although, apparently, these numbers were thus determined at the 
birth of our universe, they are, philosophically speaking, in a differ- 
ent class from the purely mathematical constants such as the relation 
of circumference to the diameter of a circle. 3.14159 ... is a geomet- 
rical magnitude entirely independent of any kind of material, and it 
therefore belongs in the more general class of numbers, together with 
simple numerical relations, logarithmic and trigonometric quantities, 
other mathematical functions. On the other hand, the atomic 
weights of the primeval elements, although less general than these, 
are much more general and fundamental than the constants of as- 
tronomy, such as the so-called constant of gravity, the length of the 
day and year, the proper motion of the sun, and all the other incom- 
mensurable magnitudes which have been more or less accidentally 
ordained in the cosmic system. The physicochemical constants, such 
as the atomic weights, lie in a group between the mathematical con- 
stants and the astronomical “ constants,” and their values have a 
significance only less important than the former. 

In the lead from uranium w^e have a comparatively youthful ele- 
mentary substance, which seems to have been formed since the rocks 
in which it occurs had crystallized. Is the atomic weight of this 
youthful lead identical with that of the far more ancient common 
lead, which seems to be more nearly contemporary as to its origin 
with the silicon and oxygen of quartz ? 

The idea that different specimens of a given element might have 
different atomic weights is by no means new — it far antedates the 
discovery of radioactivity. 

Ever since the discovery of the definite combining proportions of 
the elements and the ascription of these proportions to the relative 
weights of the atoms, the complete constancy of the atomic weights 
has occasionally been questioned. More than once in the past in- 
vestigators have found apparent differences in the w^eights of atoms 
of a single kind, but until very recently all these irregularities have 
been proved to be due to inaccurate experimentation. jS’evertheless, 
even 30 years ago the question seemed to me not definitively an- 
swered, and careful experiments were made with copper, silver and 
sodium, obtained from widely different sources, in the hope of find- 
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ing differences in the utoiuic weights, according to the source of the 
material. No such differences whatever were found. More recently 
Professor Baxter has compared the atomic weights of iron and nickel 
in meteorites (from an unknown, perhaps inconceivably distant 
source) and the same terrestrial metals. In these cases also the re- 
sults were negative. Thus copper, silver, sodium, iron and nickel all 
appeared to be perfectly definite in nature, and their atoms, each 
after its own kind, all alike. 

The general question remained, nevertheless, one of profound in- 
terest to the theoretical chemist, because it involved the very nature 
of the elements themselves; and in its relation to the possible dis- 
covery of a difference between uranium lead and ordinary lead, it 
became a very crucial question. 

Early in 1913, when the hypothesis of radioactive disintegration 
had assumed definite shape, Doctor Fajans assistant. Max Lembert, 
journeyed to Cambridge, bringing a large quantity of lead from 
Bohemian radioactive sources in order that its atomic weight might 
be determined by Harvard methods. The Carnegie Institution of 
Washington gave generous pecuniar}" assistance toward providing 
the necessary apparatus in this and subsequent investigations. 

The most important precautions to be taken in such work are 
wmrthy of brief notice, because the value of the results inevitably 
depends upon them. The operation consists in weighing specimens 
of a salt of the element in question and then precipitating one of 
the constituents in each specimen, determining the weight of the 
precipitate, and thus the composition of the salt. In the first place, 
each portion of substance to be weighed must be free from the 
suspicion of containing unheeded impurities, otherwise its weight 
will mean little. This is an end not easily attained, for liquids 
often attack their containing vessels and absorb gases, crystals 
include and occlude solvents, precipitates carry down polluting im- 
purities, dried substances cling to water, and solids, even at high 
temperatures, often fail to discharge their imprisoned contamina- 
tions. Especial care w^as taken that each specimen was as pure as 
it could be made, for impurity in one wmiild vitiate the whole com- 
parison. 

In the next pluce, after an analysis has once begun, every trace of 
ea(*h substance to be w^eighed must be colle<*te<l and find its way in 
due course to the scale pan. The trouble here lies in the difficulty 
in estimating, or even detecting, minute traces of substances re- 
maining in solution, or minute losses by evaporation at high tem- 
peratures. 

In brief. the wdiole truth and nothing but the truth/" is the aim. 
The chemieal side of the ([uestioii is far more intricate and uncer- 
tain than the physical operation of weighing. The real difficulties 
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precede the introduction of the substance into the balance case. 
Every substance must be assumed to be impure, every reaction must 
be assumed to be incomplete, every measurement must be assumed 
to contain error until proof to the contrary can be obtained. Only 
by means of the utmost care, applied with ever- watchful judgment, 
may the unexpected snares which always lurk in complicated proc- 
esses be detected and rendered powerless for evil. 

After all these digressions, made in order that the problems con- 
cerned should be clearly recognized, let us turn to the main object 
of our quest. In the present case each form of lead was first weighed 
as pure chloride, and the chlorine in this salt after solution was 
precipitated as silver chloride, the weight of which was determined. 
Precautions too numerous to mention were observed. Thus, the 
weight of chlorine in the salt was found, and by difference the weight 
of the lead. From the ratio of weights, the atomic weight of lead 
was easily calculated. Since the question involved especially a com- 
parison of the two kinds of lead, particular care was taken that 
each sample should be treated in precisely the same way. Even if 
a constant error had existed in the method, it could not have affected 
the comparison, since each result would have been influenced in 
identical degiee. 

The outcome of our earliest trials, published in July, 1914, brought 
convincing evidence that the atomic weight of the specimen of 
uranium lead from Bohemia is really less than that of ordinary lead, 
the value found being 200. f) instead of 207.2 — a difference of 0,3 per 
cent, far beyond the probable error of experiment. Almost simul- 
taneously preliminary figures were made public by Doctors Hdnig- 
schmid and St. Horovitz and Maurice Curie, pointing toward the 
same verdict. 

This result, interesting and convinciiig as it was, was only a begin- 
ning. Other experimenters abroad have since confirmed it, especially 
Dr. Otto Ilbnigschmid ; and many new determinations have been 
made at the Wolcott Gibbs Memorial Laboratory, with the assist- 
ance of Dr. Charles Wadsworth, 3d, and Dr. Norris F. Hall, upon 
various samples of lead from radioactive sources in widely separated 
parts of the world. Messrs. E. E. Bubb and S. Kadclitf. of the Ea- 
dium Hill Co., of New South Wales, kindly sent a large quantity 
of lead from their radium mines, and a particularly valuable speci- 
men prepared from selected crystals of pure mineral was put at our 
disj)osal by Dr. Ellen Gleditsch — not to mention other important 
contributions from others, including Professor Boltwood and Sir 
William Eamsay. Each of thest' samples gave a different atomic 
weight for the lead obtained from them, and the conclusion was 
highly probable that they contained varying admixtun^s of ordinarv 
lead in the uranium-radium lead. This was verified by the knowledge 
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that in at least some cases the uranium ore actually had been con- 
taminated with lead ore. The purest Norwegian specimen contrib- 
uted by Miss Gleditsch thus acciuired especial impoitance and sig- 
nificance, because it was only very slightly, if at all, vitiated in 
this way. As a matter of fact, it gave 206.08 for the atomic weight 
in question — the lowest of all. Here are typical results, show ing the 
outcome; many more of similar tenor were obtained. 


Atomio Weif/^its. 


Common lead- 


Australian radioactive lead coiitaininj? proljablj 25 per cent 
ordinary leacl 


r20T.20 ] _ 

■ |207, 19 J 


—207, 19 


Purest uranio-leaiL 


206. 32 
206. 36 
206. 33 
206. 36 
206. 08 
206. 09 


206. 34 


—206. 08 


Honigschmid, from similar pure material, had found figures 
(206.05) agreeing almost exactly with the last A^alue. One can not 
help believing that this last specimen of lead is a definite substance, 
probably in a state almost pure, because of the unmixed quality of 
the carefully .selected mineral from wdiicli it was obtained. 

A further question now^ arises: is it a 'permanent substance — really 
an end-product of the disintegration? Soddy's hypothesis assumes 
that it is. The only im poll ant fact militating against this view is 
the observation that uranium- lead is always radioactive, and hence 
might be suspected of being unstable. In various impure specimens, 
hoAvever, the radioactivity is not proportional to the change in the 
atomic w eight ; hence the radioactivity is probably, at least in part, 
to he referred not to the lead itself, but rather to contamination 
with minute, unweighable amounts of intensely radioactive impuri- 
ties — other more transitory products of disintegration.^ If w eigh- 
able, such impurities w’ould almost certainly increase^ not diminish^ 
the atomic weight; hence their presence could not account for the 
low^ value. 

Let us compare the actual result for the atomic weight of this 
kind of lead with the theory of Soddy and Fajans. If this theory 
is sound, the simple subtraction of eight times the atomic weight of 
helium from that of uranium, or five times the atomic w^eight of 
lieliiim from that of radium, should give the atomic weight of the 
lead resulting from the disintegration, as follows: 


^ For this reason the term “ radio-active lead ” although it describes the fact, is per- 
haps, from a theoretical point of view, not the best designation of either uranium or 
thorium lead : but the term is convenient, because it distinguishes between these two 
forms and common lead. 
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Hypothetical calculation of atomic wciyht of uranium-lead. 


Alouiie weight of uranium — 238.18 

8 X iitoinic weight of lielium = 32.00 

Kesidue (lemlV) 200.18 — 200.18 

Atniiiic weight of nulium - = 22.').00 

o X atomic weiglit of helium = 20.00 

llesidiie (lead?) 205.00 = 205.96 

Average liypothetical value for lead = 206.07 

(Ibfcjerved value for uraniuni-iead ^ — 2(KI. OS 

Difference 0.01 


The agreement is remarkably good. Each of the individual calcu- 
lated values shows less than 0.05 per cent, deviation from the 
average, and the average itself shows essential identity with fact — 
a striking c*onfirmation of the theory. This is perhaps the most suc- 
cessful attempt on record to compute an atomic weight from hypo- 
thetical a'-sumptions. Usually we are wholly at a loss as to the 
theory underhdng the precise relationships, and must determine our 
values by careful experiment alone. 

The value 200.08 for the atomic weight of lead has further sup- 
port in the fact that it is more nearly half way between thallium. 
204, and bismuth, 208, the two neighboring elements in the periodic 
system, than is the atomic weight 207.2 possessed by ordinary lead. 
It appears, then, that 20G, the value pertaining to uranium'lead, is 
a very reasonable value. 

But, as has been repeatedly pointed out, ordinary lead, coimti- 
tuting the vast bulk of the lead in the world, has without doubt a 
much higher atomic weight, 207.2, not to be expeded from either of 
the lines of reasoning just given. In order to test the uniformity 
of this circumstance, Profes«'^or Baxter, with the help of one of his 
assistants, investigated ordinary lead from the nonuraniferous ores 
from many parts of the world, and discovered that the constancy 
of its quantitative behavior is as striking as that of copper or silver. 
His figures agreed very closely, within the limit of error of experi- 
mentation, with those obtained as a part of the present comparison 
of the two kinds of lead, so that there could be no question as to lack 
of identity of methods or precautions. 

Before leaving the subject of the relative atomic weights of these 
two types of lead, it is not without interest to note the exact absolute 
weights of the atoms. If, as we have excellent reason for believing 
an the basis of the brilliant work of Profe<-or Millikan, a so-called 

^ This is th.‘ TTarvnrd rt ciiU, If ITnnig^chmid's value is given equal weight, the average' 
observed value w<*uld in' 120d,c7, f'xactly ideiiical with the hypothf'tieal value. 

1.30650"— 20 15 
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gram-atom (the atomic weight in grams) contains 600.2 sextillion 
actual atoms, the weights of the atoms of the two kinds of lead must 
be respectively 342 and 340 sex^tillionths of a gram. Their extreme 
smallness, as regards bulk, may perhaps best be inferred from the 
consideration that the smallest object visible as a point in the com- 
mon microscope has a diameter probably about one thousand times 
as great as an atom of lead.^ 

Evidently, on the basis of the quantitative results just exhibited, 
Ave must admit that there is at least one real difference between 
radioactive lead and the common metal. Are there other differ- 
ences ? 

A question as to the density of each substance, and, therefore, as 
to the bulk occupied by the respective atoms, at once arises. Since 
the atom of uranium-lead weighs less than the other, it must occupy 
less space, supposing that it has the same density; or else it must 
have less density, supposing that it should occupy the same space. 
The identity of the chemical behavior of the two types of lead sug- 
gests the probability of the latter alternative, and this was. there- 
fore, assumed by Soddy; but experimental ju'oof was evidently 
desirable. Therefore, an extended investigation of the density of 
the various kinds of lead was carided out likewise in the Gibbs 
Memorial Laboratory. As a matter of fact, the densities of the 
several specimens were found to be very nearly proportional to their 
atomic weights: that is to say, the bulk of the atom of radioactive 
lead is almost exadly the same as the bulk of the atom of ordinary 
lead, although the weights of these atoms are so markedly different. 


Drn^iitirs and atomic voUimc"^, 



Atomic 

eight. 

j Density 

Atomic 

A'olume. 

Pure uranio-lead 

Australian mixture 

Pure yommou lead 1 

i 

! 2%. OS 

2 Hk 3 i 
2')7. 19 

11.273 

11.289 

11.337 

IS 281 
18 278 
18.277 


A distinctive property of eleineiitary substances, which has always 
been supposed to he concerned more or less definitely with the atomic 
weight, is the spectrum, depending upon the wavelengths of light 
emitted by the vapor. But, surprisingly enough, the spectrum lines 
produced by these two sorts of lead, when heated to the high temper- 
ature of the electric arc, are so precisely alike, both as to their wave- 
lengths and their intensities, that no ordinary spectrum analysis 
shows any ditterence wliatever. This has been proved by careful 


■•If the sniallf'st object in a microscope could be enlarged to the width of thirs 

printed page, the atoms in it would appear about the size of the dots on the lotiers i, 
or the periods in tbe type used in this footnote. 
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experiments at Harvard and elsewhere. A ^ and B were from two dif- 
ferent specimens of radioactive lead, C from ordinary lead, all very 
carefully purified. The ran^e covered is about from 3,000 to 2,000 
wavelength — far in the ultra-violet. Very recently Prof. W. D. 
Harkins, of Chicago, and two assistants, have detected, with a very 
extended grating spectrum, an exceedingly minute shift (0.0001 
per cent of the wavelength — an amount far too small to be shown by 
the spectra exhibited) of one of the lines. The wonder is, not that 
there should be a difference, but rather that they should be so very 
nearly identical. Evidently the considerable difference in the atomic 
weight produces only a barely perceptible effect on the wavelengths 
of light emitted by the several isotopic forms of a given element, 
although a less difference in atomic weight between two different 
elements (for example, cobalt and nickel) is concomitant with utterly 
divergent spectra. 

Another very interesting question, involving the relations of 
substance both to light and to weight (or rather density) is its re- 
fractive index. All the formula? relating to molecular refraction 
involve the denslff/ of the substance concerned. In the case under 
consideration, do the differing weights of the atoms, and therefore 
the differing densities of the same compounds of the two kinds of 
lead, affect the refractive indices of the salts? Is the refractive 
index of a given salt of radioactive lead identical with that of the 
same salt of ordinary lead? Evidence on this point would go far 
to decide whether density or atomic volume is the more important 
thing in determining refractive index. A very careful study car- 
ried out with the help of Dr. IV. C. Schumb at Harvard has within 
the past few months shown that as a matter of fact the refractive 
index of ordinary lead nitrate is identical with that of the nitrate 
of radioactive lead within one part in nearly twenty thousand, a 
result which shows that density is a less important factor in de- 
termining refractive index than had been previously assumed. 

Both of these conclusions concerning light — that drawn from the 
spectra and that drawn from the refractive indices — have a ^^et more 
far-reaching interest, for they give us a further clue as regards the 
innermost nature of the atom. That part of the atom which deter- 
mines its weight seems to have, at least in these cases, very little effect 
on that part of the atom which determines its behavior toward light. 

Immediately connected with the question of density of the solid 
salts is the question as to the densities of their satiu'ated solutions, as 
well as to the extent of saturation. Fajans and Lembert had recently 
obtained results probably indicating that the molecular solubility of 
each kind of lead is the same, and that the densities of the solutions 
are different, the density of the radioactive solution being less to an 
extent consistent with the smaller molecular weight. These results. 


^ Referencf^s are to photographs not reproduced here. 
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however, left iimeli to be desii’ed in the way of accuracy, and needed 
verification. Therefore a very careful imestigation, begun at Har- 
vard with the asbistance of Schiiinb, before the appearance of Fajuii's 
publication, furnibhed valuable knowdedge on this point. 

^oluhUity of two Icind.'^' of lead nitrate,^ 

Common | Cranium 
load. load. 


Ter cent salt in saturated solution (2' 00'^) | 37 342 37.2S() 

<7 rams lead per 1(10 grams water ' 37. 281 37. 130 

Molecular solubility per 1,()('0 grams water j 1. 701*3 1. 70.s9 


1 The uranium lead u=:od in thoce dotormmarhms was a spet imim from Australia having the atomic 
weight 200. tl, not quite like the earlier sample, but not ditleicnt in important degree. 

Here, again, differences in weight alone are manifest, and these 
are proportional to the differences in the atomic weights; the molec- 
ular belun ior is esseiitiully identical in the two sorts. 

The identity in solubility might also be inferred from the impossi- 
bility of separating the two kinds of lead from each other by frac- 
tional crystallization. This was t ire dieted by Soddy, and tested by 
him and by others. ^ arious vain attenij^ts have been made to 
separate the diiferent kinds of lead from one another, but apparently 
when once they are mixed, no ordinary method can separate them, 
since the properties of tlie different kinds are so nearly alike. The 
latest attempt at the tiibbs Memorial Laboratory involved 1,000 
fractional crystallizations of the Australian lead nitrate, which is 
believed to contain both ordinaiy and uranium-radium-lead. The 
extreme fraction of the cry>tals (representing the least soluble por- 
tion, if any difference in solubility might exist) gave within the 
limit of error the same atomic weight as the extreme fraction of the 
mother liquor (representing the mo^t soluble portion), thus con- 
firming the work of others in this direction. 

When wdres constructed of tw'o different metals are joined, and the 
junction heated, an electrical potential or electromotive force is pro- 
duced at the junction. This property seemed, then, to be a highly 
interesting one to test, in order to find out how great may be the 
similarity of the two kinds of lead. In fact, wires made of radio- 
active lead and ordinarv lead tested in the (libbs Laboratorv mive 
no iiieiii^urable thermoelectric effect, the wires acting as if they were 
made of the same identical subUance. although the atomic weights 
and densities were different. No other case of this sort is known, 
.sc» far a> I am aware. The melting points of the two kinds of lead 
were likewi>e found, with the as'iUance of N. F. Hall, to be identical 
within the (irohiihle accuracy of the experiment.^ 

^ Sinre tlu> a(ltlri'>.s wa> first piiblishe<i Prof. P. W. Bridgman has found that 1x)th the 
electrical conductivity of tlic two kinda of load, and the effect of pressure on this com 
duetivity, are likewi.se identit'al ; and Prof. W. Duane has found that even the X-ray 
spectra of the two kind.s show no difference. 
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Let iis bring all these results together into one table, so that we 
may better grasp their combined signiticance. 

Compnrixon of properfir>i of different kindR of leadd 



- Common 

! lead. 

ifixture 

(.Viistra- 

lian). 

ITranio- 

lead. 

Fenontage 

dilference. 

V 

Jl 

c 

A-B 

A-C 

Atomic weight 

207.19 

20i;. 34 

200 OS 

0.42 

0 34 

Density 

' 11 337 1 

1L2S9 

11.273 

0. 12 

0 :.H 

Atomic volume 

l-^. 277 

IS 27.S 

is. 2.S1 

0. 01 

0.02 

1 kO/\I 1 1 i V 

b00.,)3 

'*9 


0.01 









37 2M 

37.130 ! 


0. u 


OOi 11 1 >111 1 > 1 ...... 

ITirlov nf tlllrTlp 

_ 1 Tsl". 

1.7^14 

; 

0 01 



1 

1 

i 

1 

0 00 


Speetnim ave Icngt h ^ 1 

0 00 

0 00 


Summed up in a few words, tlie situation appears to be this: At 
least two kinds of lead exist — one, the ordinary inetal disseminated 
throughout the world, in nonuraniferous ores; another, a form of 
lead apparently produced by the decomjiosition of uranium, radium 
being one of the intermediate products. If we leave out of con- 
sideration the probably inessential dilference in radioactivity, the 
two kinds are very closely, if not exactly, alike in every respect, 
excepting atomic weight, density, and immediately related prop- 
erties involving weight, such as solubility. Thorium lead may 
be a third variety, with similar relations. Shall we call these 
substances different elements, or the same? The best answer is 
tliat proj^osed by Professor Soddy. who invented a new name, and 
called them isotopes of the same element. 

Since every new fact concerning the behavior of the elements gives 
a new possible means of discovering something about their nature, 
and since these fads are of especially significant kind, the anomaly 
is of more than passing interest, and may be said to constitute one 
of the most interesting and puzzling situations now presented to the 
chemist who looks for the deeper meanings of things. 

IVIany new queries arise in one's mind from a study of the data. 
Among them is a question as to the nature of ordinary lead, which 
possesses a less reasonal)]e atomic weight than the radioactive variety. 
Why should this state of things exist? 

Ordinary lead may be either a pure substance, or else a mixture of 
uranium-lead with lead of yet higher atomic weight, perhaps 208. 
The latter substance might be formed, as Soddy points out, if thorium 
(over 2?>2) lost six atoms of helium, and he and Tliinigschmid have 
found (juantitative evidence of its existence in thorium minerals. 

After reviewing all the data, Pi*of. F. W. Clarke has brought 
forward an interesting and reaM)nable hypothesis explaining the 

1 For the sake of l^etter comparison, all the results given are those obtained at nar\urd. No results of 
experiments elsewhere are incon^'istent with these. 
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difference between the several kinds of lead. He points out that 
whereas we have every reason to believe that uranium and thorium 
lead are the results of disintegration of heavier atoms, ordinary lead 
may be imagined to be the product of a far earlier synthesis or evolu- 
tion from smaller atoms. The hypothesis might be supported by the 
analogy of the synthesis and decomposition of organic substances, 
which by no means always follow similar paths ; it seems to be con- 
sistent with most, if not all, of the facts now known. 

On the other hand, may not the uniformity of ordinary lead and 
its difference from either of the radioactive leads be almost equally 
capable of interpretation in quite a different fashion? llTienever, 
in the inconceivably distant past, the element lead ^vas evolved, it is 
hardly to be supposed that uranium-lead and thorium-lead could 
have been entirely absent. The conditions must have been chaotic and 
favorable to mixture. When the two or more forms were mixed, 
none of the processes of nature would separate them. Therefore they 
must appear millions of years afterwards in an equably mixed state 
on earth, constituting our ordinary lead. There may have been more 
than two forms of lead; but two forms, one possessing an atomi(* 
weight 206 and the other, an atomic weight over 208, would account 
for all the facts. The identity in nature of all the common lead on 
earth might indicate merely that at one time all the matter now con- 
stituting the earth Avas li<iuid or gaseous in violent agitation, so that 
all the kinds of lead were thoroughly commingled before solidifica- 
tion. This explanation, if it could be confirmed, would furnish im- 
portant evidence concerning the early lustory of planets. So far 
afield may a difference of half a per cent in weight between two kinds 
of atoms so small as to be far beyond the possible range of our most 
piercing means of actual observation, carry the inqidring in- 
vestigator ! 

The true answers to these questions are not to be found by specula- 
tion, such as that just detailed, however suggestive such speculation 
may be. They are to be found by careful observation. For example, 
the doubt as to the nature of ordinary lead can only be decided by 
discovering whether or not it may be separated into two constituents. 
Since weight (or mass) is the only known quality distinguishing 
between the several isotopes or kinds of lead, weight (or uiass) must 
be made the basis of separation. Hence the (*hief hoj^e of separating 
isotopes of lead lies in the method of fractional ditfusion, as has been 
already suggested by many other experimenters on this subject. 
Promising preliminary experiments pre 2 :>aratory to such an under- 
taking have already been begun at Harvard, and before long more 
light may be obtained. 

The idea that other elementary su1)stances also may be mixtures of 
two or more isotopes has been advanced by several chemists. Espe- 
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cially if ordinary lead should really be found to be thus complicated, 
many, if not all, other elements should be tested in the same way. 
The outcome, while not in the least affecting our table of atomic 
Aveights as far as practical purposes are concerned, might lead to 
highly interesting theoretical conclusions. 

IIoAA" can such remote scientific knowledge, eA^en if it satisfies our 
ever-insistent intellectual curiosity, be of any practical use? Who 
can tell ? It must be admitted that the practical value is apparently 
slight as regards any immediate application, but one can never knoAv 
how soon any new knowledge concerning the nature of things may 
bear unexpected fruit. Faraday hud no conception of the electric 
locomotiAe or the power-plants of Niagara A\hen he performed those 
crucial experiments with magnets and AAures that laid the basis for 
the dynamo. Nearly 50 years elapsed before his experiments on elec- 
tric induction in moving wires bore fruit in a practical electric light- 
ing system ; and yet more years before the trolley car, depending 
equally upon the principles discovered by Faraday, became an e\ery- 
day occurrence. At the time of discovery, even if the Avide bearing 
and extraordinary usefulness of his experiments could have been fore- 
seen by him, they Avere certainly hidden from the Avorld at large. 

The laws of nature can not be intelligently applied until they are 
understood, and in order to understand them, many experiments 
bearing upon the ultimate nature of things must be made, in order 
that all may be combined in a far-reaching generalization im- 
possible Avithout the detailed knoAA ledge upon Avhich it rests. AYlien 
mankind discoA^ers the fundamental laws underlying any set of 
phenomena, these phenomena come in much larger measure than be- 
fore under his control, and are applicable for his service. Until avc 
understand the laws, all depends upon chance. Flence, merely from 
the practical point of view, concerning the material progress of hu- 
manity, the exact understanding of the laws of nature is one of the 
most important of all the problems presented to man; and the un- 
knoAvn laAvs underlying the nature of the elements are obAuously 
among the most fundamental of these laws of nature. 

Such gain in knoAvledge brings Avith it augmented responsibilities. 
Science giA^es human beings A^astly increased power. This power has 
immeasurably beneficent possibilities, but it may be used for ill as 
well as for good. Science has recently been 1 darned by superficial 
critics, but she is not at fault if her great potentialities are sometimes 
perA^erted to serve malignant ends. Is not such atrocious perA^er- 
sion due rather to the fact that the ethical enlightenment of a part 
of the human race has not kept pace Avith the progress of science? 
May mankind be generous and high-mindeil enough to use the boun- 
tiful resources of nature, not for evil, l)ut for good, in the days to 
come ! 




SPHAGNUM MOSS: WAE SUBSTITUTE FOE 
COTTON IN ABSOEBENT SUEGICAL DEESS- 
INGS/ 


By Prof. riEOTior P. Xtcttols, 

Ofiborn Hf^toyiUdJ I.n homtoru, Ydlc Cnii'rrsity. 


[With 4 i.hitos. 1 
INTEOnurTOET. 

Alori^ in the late seventies of the last century a lal^orer at one of 
the outlying peat moors in northern (Germany accidentally sii^taineil 
a severe lacerated wound of the forearm. In the absence of any- 
thing better to use his fellow workmen bound up the Avound Avith 
fraginents of the peat which happened to be lying near, and it Avas 
not until 10 days later that the man Avas able to secure surgical 
attention. Imagine the surprise of the surgeon Avhen, on reniOA ing 
the improvised dressing, it Avas found that the injury had completely 
healed.^ 

With this incident the use of sphagnum in present-day surgery 
may be said to have originated. As a matter of fact, lioAveA^er. its 
use in this connection is not a new thing at all ; it is merely a modern 
and scientific reA ival of a very ancient practice. In parts of (Ireat 
Britain, according to Porterp from time immemorial bog mo>s has 
been used by country peo})h^ in the treatment of boils and discharg- 
ing Avounds. In Scotland and Ireland it Avas employed many cen- 
turies ago for practically the same purpose that it is being used 
to-day: and moss Avas at least recommended for use by army sur- 
geon^. both in the Xa]>ol conic and the Franco-Piaissian Avars.*’ 

W e niu>t a(‘knoAvledge f)ui' inde])ttalness to tlie (leianans, howeA'er, 
for demou'^trating tlie value of the sphagnum in the modern, anti- 
septic methods of surgery. FolloAving the incident Avhich has bi'Cn 
mentioned aboAe. investigations Avere set on foot as to the nature 
and the pro])ertie^ both of the sphagnum and of the peat to A\hich it 
gi\es ri'^e, and a number of ])apers Avere published in (huaiian medi- 

1 Text lu {liiit taken from a paper entitled “ Splmjmum Moss and Tt« in Snr^ioal 
Drossin^^." pnhlishod in tin- Journal of the New York Butanical Garden. A"ol. 10, Septem- 
ber, 1018. 

-Tins incid(‘nt i< related by NpuIht (Arch. f. klin. Cliir. '27 : T.AT-TSS. ls 82 i, a Urrman 
sur^e<»n who .U that time was ronneeted with the snririfal elinie at Kiel. 

'■’Poritw, J 1C .Splia.unuTii 'surgical dri's^in^jC^ Intein.it- J<un. Sur^^ery 30: 120-135, 
/. J-'S. 1917. Reprinted as a .^eifarate hy the Canadian Red Cross. 
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cal journals, in which the sphagnum, as related to surgical practice, 
was discussed from various points of view; and within a very few 
years this moss came to be accepted in Germany as a standard 
material for surgical dressings, being used not only in private prac- 
tice but in some of the largest hospitals. Outside of Germany the 
sphagnum is known to have been used in this country by at least one 
prominent surgeon fully 20 years ago, but in general its value for 
use in surgical dressings has not been appreciated until quite recently. 

rSK OF SPIIACrNUM SURGICAL DRESSIXCJS 1>1 UIX(; TUK TiKCEXT AVAR, 

Sphagnum was probably first used on a large scale during the 
Russian- Japanese war, when it was extensively employed by the 
Japanese as a first-aid dressing. Many of the wounds thus dressed 
Avith sphagnum were not inspected again until the patient reached 
Japan, which often took 10 days, but almost invariably the AA^ound 
was in good condition ; much better it is said than when cotton was 
used.” " 

The history of its use in the recent war is somewhat as follows. 
Shortly after the outbreak of the war it began to be feared in Eng- 
land that there might be a serious shortage of cotton, and experi- 
ments were made with A^arious materials — oakum, Avood pulp, and 
eA^en sawdust— in the hope of finding some satisfactory substitute. 
It was at this time that attention Avas directed by C. W. Cathcart, 
an Edinburgh surgeon attached to the British Army medical forces, 
to the neglected possibilities of the sphagnum.“ In lOld sphagnum 
dressings were giATn a thorough try-out at one of the large war 
hospitals in Scotland, and the results proA^ed so satisfactorA’ that 
sphagnum was at once recommended for general use. In September, 
1915, sphagnum dresssings Avere formally accepted by the British 
war office. At this time the total British output of sphagnum sur- 
gical dressings was barely 250 a month. But the work rapidly as- 
sumed large proportions, and we are informed by the I^ndon 
Graphic for September 2, 1016, that the collecting and drying of 
sphagnum moss and making it up into surgical dressings “has be- 
come a national industry ” in Scotland, and that “ the wmrk is being 
extended all oA^er England, Ireland, and Wales."*’ By the end of 
1916 the monthly output of spliagnum surgical dressings from British 
organizations had come to exceed 200,000. 

On this side of the Atlantic the importance of the sphagnum en- 
terprise was first brought into prominence early in 1917, by Professor 
J. B. Porter, of McGill T^niversity. Largely through his efforts a 

' Hotson, J. W\ Sphagnum as a surgical dressing, pp. 1-31. f. 1-18. Bulletin issued 
by the Northwest Division of the Airu^rlcan Red Cross. Seattle. 1918 Reprinted in 
Jour. Amor. Peat Soc. 11 : 195-:12G. 1918. 

“See ospeci.Uly a paper by Cathcart. C W' . and Balfour, I. B , in the S<otsmau for 
November 17. 1914, and one by Cathcart in Brit. Med, Jour. 38 ; 137-139. 1915. 
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strong sphagnum organization was built up by the Canadian Red 
Cross, which, during the summer of 1918, was turning out upwards 
of 200,000 sphagnum dressings per month. The total British output 
of sphagnum surgical dressings toward the end of the war is esti- 
mated to have been in the neighborhood of 1,000,000 per month. 

The sphagnum work of the American Red Cross was organized 
under the leadership of the late Harry James Smith, brilliant New 
York playwright, in the East, and of Professor J. W. Ilotson, of the 
University of Washington, in the West. Although the sphagnum 
was not formally approved by the American Red Cross until ^larch, 
1918, more than half a million sphagnum surgical dressings were 
turned out in this country between this time and the cessation of 
hostilities. Most of these? were made by the Chapters in the Pacilic 
Northwest where abundant supplies of sphagnum suitable for use 
in surgical dressings were early located, but many were made in the 
East. It was not until the summer of 1918, however, tluit adequate 
supplies of raw material were located in the East and the first car- 
load of eastern sphagnum was being loaded (at Old Town, Maine) 
the day the armistice was signed. Our sphagnum enterprise was one 
of the many which the abrupt termination of hostilities nipped in 
the bud. 

ADVANTAGES OF SPHAGNUM OMEIR COTTON FOR USE IN SURGICAL DRESSINGS. 

The introduction of the sphagnum as a substitute for cotton in 
absorbent surgical dressings was not accomplished without consid- 
erable protest on the part of Army surgeons. But, although they 
were objected to on various grounds, the sphagnum dressings grad- 
ually won their way, not merely as a necessary makeshift, but on 
their actual merits; for there seems to be little question that for 
war hospital work the sphagnum moss is not merely a satisfactory 
substitute; in many respects, properly made sphagnum dressings are 
superior to dressings made of cotton. 

The advantages of the sphagnum for this purpose are as follows : ' 

1. Sphagnum will absorb liquids much more rapidly than absorb- 
ent cotton — about three times as fast. 

2. Sphagnum will take up licjuids in much greater amount than 
in absorbent cotton. A cotton pad will absorb only five or six times 
its weight of water, as compared with IG, 18, and even as high as 22 
times for a sphagnum pad. 

3. Sphagnum will retain liquids iiukIi better than cotton, which 
means, of collide, that sphagnum dressings need not l)e changed as 
frequently as those made of cotton. 

4. The better gi'ades of sphagnum “ have the valuable property of 
distrilmting whatever liquid they ah<f)rb throughout their whole 


* Theso observation'-' ai'i“ taken mainly from Eurter, oik i it. 
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mass.’' An absorbent pad of sphagnum will continue to suck up 
fluid discharges until it is pretty uniformly saturated throughout, 
whereas a cotton pad ordinarily ceases to function long before its 
theoretical capacity has been ]*eached. 

T). When properly made, not only are sphagnum dressings fully 
as soft as those made of cotton, but, owing to the loose, open struc- 
ture of the moss, they are cooler and less irritating to the patient. 

G. In times of emergency, sphagnum can be procured more cheaply 
than cotton. Being a product of nature, all that is necessary is 
to go and gather it, and with an abundance of volunteer workers 
available, jiractically the onl}" expense involved is the cost of trans- 
portation. 

Xow, in ordinary hospital work, as Profesr^or Porter has pointed 
out, the comparative inferiority of cotton as an absorbent is not of 
any gi*eat conse<pience. Here, for the most ])art, the wounds are 
the result of operations, and they are made by the surgeon himself. 
They are comparatively slight, and, what is particularly import- 
ant, they are perfectly sterile. Discliarging wounds are exceptional. 
For ordinary surgical work it is dou])tfid whether sphagnum pos- 
sesses any special superiority over cotton, if indeed, all things taken 
into account, it is equal to it; and it therefore seems improbable that 
the sphagnum dressings are destined to come into general use, now 
that the war is over, ex(*ej)t, perhaps, for special purposes. In war- 
hospital practice, however, conditions are very dilferent. for here 
every wound may be taken a'^ infected; discharging wounds are the 
rule, not the exception. Furthermore, "the methods of treatment 
recently so successfully developed by Carrol, Dakin, Wright, and 
others deliberately increase these discharge's to a \erv great extent. 
For such cases, unless absorbent dressings are to be done a wav with 
altogether, sidiagntim is greatly preferable to any other available 
material." 

lua^ooNiTiox OF srTiAOxu:\r ix the fteli:). 

The genus phdf/ tnuti is classed among the mosses. T^nlike the so- 
called " sea mos^es," or seaweeds, and the lichens, which are some- 
times mistalum for mosse>, the true mosses are leafy plants. Com- 
l)aratively small, seldom being more than a few inches high, and 
growing in all sorts of habitats, the mo-^es are consj)icnous chiefly 
on account of the great masses of vegetation which they commonly 
form. The sphagnums (pi. 1) include some of our largest and 
most conspicuous mosses. 

Sphagnum differs from otlier kimls of moss in a numb(‘r of im- 
portant respects. 

First of all, a sphagnum plant seldom exhibits the deep leaf-green 
color of an ordinary moss. AVhen wet, it commonly is a pale green; 
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when dry, it may be almost white. Very frequently the green is 
hidden almost completely by pigments of various colors, so that the 
plants may be almost any shade from bright red and pink to russet 
green and dark brown or almost black. These colors form a very dis- 
tinctive feature of many sphagnums when they are fresh ; in nature, 
their mass effect is very striking, and they are of great help when 
it comes to recognizing material in the field. 

But color alone is hardly a sufficient test. Other distinguishing 
marks are afforded by the peculiarities of the branches and of the 
leaves. If a single sphagnum plant is examined it will be seen, first 
of all, that it consists of a main axis, on which are borne numerous 
short branches. It will be noted, further, that these branches are not 
borne singly, but in clusters of from tlii-ee to six. Xo other moss pro- 
duces its branches in clusters, after the manner of the sphagnum. 
Along most of the stem these branch clusters are scattered, but toward 
the tip they usuall}^ grow so close together as to form a rather 
compact rosette which sometimes is mistaken for a flower. It might 
be added that the branches in each cluster are of two sorts: One 
kind stands out at right angles to the main axis; the other kind 
droops down alongside the stem and forms a sort of loose, spongy 
matting around it. 

And not only is the arrangement of the branches on the 
stem distinctive. Quite as striking is the arrangement of the 
leaves on the branches. Every branch is completely covered 
over by a scries of tiny, more or less spoon-shaped leaves, which 
loosely overlap one another, somewhat after the manner of tiles 
on the roof of a hou-e. 

STnUCTUUAL PrCULIAUlTIES TO WHICH SPHAGNUM OAVES ITS EITICIENCY 

AS AN ABSOaUENT. 

To a liniited degree cerlsiiii of the features alreadv descril)ed 
adapt the sphagnum to ah>or]) liquids — the overlapping of the 
leaves around the branches, and the sponge-like matting of the 
pendent branches around the stem. But the real secret of the 
sphagnum's efficiency as an absorbent lies in the remarkable micro- 
scopic structure of its leaA^es. 

Before discussing the somewhat complicated sphagnum leaf, I Avill 
descril)c briefly the much simpler structure of an ordinary moss leaf 
as it looks under the microscope (fig. 1). Such a leaf consists of a 
single layer of tiny microscopic cells. Seen in surface view the in- 
di\ddual cells are polygonal in outline, but in reality, considered as 
solids, they are prismatic in >hape. All the celh in the leaf are 
essentially similar to one another: Avithout exception they are green 
and living, and they are all of approximately the same size and shape. 
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But in a sphagnum leaf (fig. 1) the structure is much more com- 
plex. Here also there is just a single layer of cells, but these cells 
are of two totally different kinds. First, as in the ordinary moss 
leaf, there are the green, living cells. But these green cells, in the 
sphagnum leaf, are very small and very much elongated, and they 
are arranged to form a sort of open network which runs all through 
the leaf. In the meshes of this network occurs the second kind of 
cell. These cells are large, without color, dead, and perfectly empty. 
It is to the presence of these large, colorless cells and to their remark- 
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able structure, which I shall describe next, that the sphagnum owes 
its wonderful power to take up li<]uids. 

Now, to a certain extent, the cells of any moss leaf are able to 
absorb liquids: but the ability of the ordinary green cells in this 
respect is insignificant when compared with that of the large, color- 
less cells of the sphagnum leaf. These, because of their capacity for 
absorption, may well be referred to as the ahsorbinrf celh. There 
are two features in these cells which especially adapt them to the 
function of absorption: First, the wall of each and every one of 
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the absorbing cells is punctured toward the outside by several 
minute pores (fig. 2). It is through these pores that liquids are 
sucked into the cells. Each cell, acting independently, sucks in 
whatever liquid it comes in contact with until it is full. A sphag- 
num plant, with its hundreds of leaves, each leaf containing hun- 
dreds of these tiny absorbing cells, represents a highly elRcient ab- 
sorbing system. And this absorptive ability is not confined to plants 
that are fresh ; a dry, dead leaf is quite as efficient, Avhen it comes 
to taking up liquids, as a fresh one. This is due to the second 
structural peculiarity of the absorbing cells: for inside of each 
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one of these cells there is a spiral, spring-like coil of thickening (or 
commonly a series of hoop-like ril)s of thickening) which presses 
outward, as it were, against the walls of the cell and serves to keep it 
from collapsing. Even after a leaf has become completely dried out, 
this framework serves to keep the cell cavity open. 

Incidentally, while it is the leaves which are most efficient in 
the absorption of liquids, in some varieties of sphagnum botli the 
stem and branches are enveloped by one or more layers of absorbing 
cells, e.ssentially similar to those found in the leaves. 

It now becomes perfectly clear why it is that sphagnum is so 
much sux)erior to cotton as an absorbent. In cotton. li(iuids, for the 
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most part, are merely held within a tangle of threads. In the sphag- 
num we find a highly specialized absorbing system, made up pri- 
marily of a vast series of absorbing cells, but supplemented to a 
high degree by various other structural peculiarities of the spliag- 
num plant. 

sxjmucAn axd xon-suroical species of sniAONr^M. 

By no means all species of sphagnum are of equal value for use in 
surgical dressings. Failure to appreciate this fact, and the indis- 
criminate use of any and all species of sphagnum, without doubt, was 
responsible for much ot the dissutisfacticjii with sphagnum dressings 
which was expressed by many surgeons in the early days of the 
sphagnum enterprise. Some species of spliagnum (pi. 1), indeed, 
are practically useless for this purpose and by far the larger number 
are of little value. On the continent of Xorth America there are at 
least 40 ditferent species of sphagnum: in the little State of Con- 
necticut alone there are no less than 25 : and of all these there are only 
4 that have actually been used to any extent in making surgical 
dressings. It is not enough, then, to be able to recognize sphagnum 
as sphagnum. One must be able to difierentiate between suitable 
and unsuitable varieties. 

Xow, from a botanical point of view, the sphagnum-* are an ex- 
ceedingly difficult group of plants to deal Avith. The accurab' de- 
termination of specimens is work for an expert. Fortunatelv, how- 
ever, the recognition of material suital)le or otherwise for surgical 
purposes is not especially difficult, since all four of the species 
which are most highly recommended belong to one well-mark(Ml sec- 
tion of the genus, the so-called C yinlnfoVnua ” group. With a lit- 
tle training and experience it is well within the a])ilibv of almost 
anyone to at least distinguish with some degree of certainty between 
sphagnum which very likely will prove of surgical value and 
spliagnum which f[uite certainly will md. 

Without going too much into detail, then, we will consider next 
just what qualities are desirable in sphagnum material which is to be 
used in surgical dressings. 

First of all, the highest possible capacity for absorbing ]i(juids is 
essential; and with reference to this qualification thei'e is a wide 
range of variation between different specie^. In general, the more 
robust varieties of sphagnum are better than the more delicate; 
forms with large leaves, dense foliage, and close-set branches are 
much better than A^arieties Avith small leaACs, skimpy foliage, and 
scattered branches. In the second place, it is essential that the ma- 
terial shoidd he M)ft and flexible, and at tlie same time that it should 
possess a considerable degree of tensile strength. Here, again, there 
is great variation betAveen different specie.-. In general, coarse or 
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stringy forms, or forms with stiff or brittle stems or harsh texture, 
must be avoided. 

The qualifications specified above are fulfilled in varying degree 
by different members of the Cyrribifolium group. In eastern North 
America, iSphagmun papUlosutn (pi. 1), to a greater degree than 
any other species, exhibits the requisite absorbency, softness, and 
strength and is generally regarded as being much more satisfactory 
for use in surgical dressings than any other form. Locally, under 
exceptional conditions of growth, S, palustre^ S, magrllanicum^ or 
aS’. bnhrlcatum — especially S. palustre — may compare ver^^ favor- 
ably with S. papillosum^ but as a rule these tend to develop too much 
stem in proportion to foliage or have too harsh a texture to make 
ideal surgical material. In the humid climate of the Pacific North- 
west, however, S. paliistre appears to develop even more luxuriantly 
than S, papillosum and is there regarded as the most desirable 
species.^ 

In the field, /S', papillosum can usually be distinguished by its very 
robust habit and its coppery to brownish color; it is never red or 
purple. The other three species ordinarily are less robust. S. 
palustre commonly is pale greenish white in color; N. ‘m/igellanicum 
pink or purplish red ; N. imhricatum green or frequently tinged with 
brown. These color distinctions are most pronounced in plants ex- 
posed to the open sunlight; when growing in the shade all four 
species are usually green. 

In this connection it should be emphasize<h not only that different 
varieties of s])hagnum exhibit a wide range of variation when it 
comes to their capacity for absorbing liquids, as well as in other 
features which adapt them to surgical use, but also that the very same 
species may vary greatly in different localities. Growing under 
certain conditions it may acquire that soft, '' bushy habit so desir- 
able in material which is to be used for surgical dressings, while 
growing under other conditions it will be Iiardi, stringA , and ({uih^ 
unfit for surgi(‘al purposes. Even Sphugnum papillomim exhi})its 
considerable variation in this respect. 

GEOtUiAPHK' DTSTRIHUTIOX OF SURGICAL SPHAGNUM. 

The genus Sphagnum is cosmopolitan in its distribution, and all 
of the species which have been mentioned as being of surgical value 
are widely distributed in Eurasia, as well as on this continent. In 

^ Mention miulit al.'-o mnde hore of S which, when woll doveloped, 

would aitpcnr to ho (‘vcu Ix'ttt'r adapted to ‘-niirical work than the forms more jren- 
erally recommended. This specie> possesses an unusual ly soft texture and ('xhibits a 
remarkably hijrh capacity for absorbing liquids. Unfortun-u»'ly, while very wid<'ly 
distribiitod, it i.'< only (H’ca.sionall y that it is found in .sufficient abundance and luxuri- 
ance to bo of practical value 

i:tOdr.o°— IG 
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general, it can be said that the sphagnuins grow best in regions 
where the climate is moist the year round, and where the summers 
are not too hot. They develop most luxuriantly near the seacoast, 
particularly along coasts where fogs are freciuent. They are better 
developed northward than southward. 

In North America, ISphagnum papillosum ranges throughout 
mucli of Canada, extending southward to New Jersey and Wisconsin 
in the East and to Washington (probably to Oregon) in the West. 
N. palustre^ S, magellanicum and N, imbricatum range somewhat 
farther south, but, so far as material of good surgical quality is con- 
cerned, their geographic distribution may be taken as practically co- 
extensive Avith that of S. papillosum. The finest development of 
surgical sphagnum in North America, Avithout question, is in the 
Pacific Northwest, in the humid strip along the coast from Oregon 
to Alaska. Hotson ^ eA^en goes so far as to estimate that fully 90 
per cent of the sphagnum in the United States, suitable for surgical 
dressings, is located in the Pacific NorthAvest. The quality of the 
material in this region is far superior to that of Eastern moss, and 
it is from here that most of the sphagnum used by the American 
Bed Cross has been obtained. In the East, sphagnum of surgical 
quality is extensiAxly developed along the coast from eastern Maine 
nortliAvard; most of the moss used by the Canadian Red Cross has 
come from New Brunswick and Nova Scotia. Samples of good 
surgical moss have been seen from southern Michigan and Minne- 
sota, but, on the Avhole, material from the interior does not compare 
at all favorably Avith material from along the seacoast. 

LOC’AL DISTKIHL'TION OF SUK(4U’AL SPHAGNUM, 

Taken as a class, the sphagnums are moisture-loving plants; they 
are hydrophytes. In humid, northern regions, such as coastal British 
Columbia and NoA^a Scotia, they are very widely distri})uted, oc- 
curring not only in swamps but on uplands as well. But farther 
south, in regions where the climate is drier and the summers hotter, 
they are mostly confined to swamps. The sphagnums groAv most 
luxuriantly and most abundantly in bogs (pi. 2), and this unique 
type of swamp therefore is Avorthy of special comment . 

Bogs are perhaps most widely known on account of the deposits 
of peat by which they are commonly underlain, and because of the 
potential fuel value of these deposits the bogs of this country haA^e 
been the subject of GoA^ernment inA^estigations for seA^eral years past. 
Bogs are characteristically developed in AA^et areas Avhere the soil is 
poorly drained. Throughout much of the eastern United States 
most of the areas Avhich to-day are occupied by bogs formerly were 

^ Ilotson, J. W. Spha^um from bog to bandage. Puget Sound Biol. Sta. Bull. 2 : 
211-247. A 1919. 




Fig. 2.— Boggy “Flowage” Swamp in Eastern Maine. 

An ideal habitat fur surgical sphagnum. 
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occupied by lakes or ponds, and the same is true of many of the 
bogs in eastern Canada and the Pacific Northwest. A pond may be- 
come filled in and replaced by a bog wholly through plant activity. 
The filling-in very commonly is brought about through the agency 
of what is known as a -floating mat: The vegetation along the edge 
of the pond grows so vigorously that it spreads away from the shore, 
out over the open water. In this way there is developed what is 
commonly referred to as a quaking hog. This raft of vegetation, 
floating on the surface, rising and falling with fluctuations in the 
water level, may be underlain by clear water or by soft, bottomless 
ooze. So film, however, may the mat become that while the surface 
trembles and quakes when you walk over it, nevertheless it is quite 
capable of supporting the weight of a man. A quaking bog is an 
ideal place to look for surgical >sphagnum. 

Bogs can be distinguished from other types of swamp primarily 
by certain peculiarities in their vegetation, which in turn are attrib- 
utable to peculiarities in the soil conditions. In certain respects the 
plant population of all bogs is essentially similar, no matter Avhat 
section of the country they occur in. One of their outstanding fea- 
tures is the nature of the bushy element in the A^egetation, AA’hich, al- 
most iuA^ariably, is made up very largely of membei-s of the heath 
family : Such plants as the bog laurel and bog rosemary, the cassan- 
dra, the Labrador tea, and the cranberries. These are mostly absent 
from swamps of the ordinary description. Bogs frequently are tree- 
less, and when trees are present they are usually scattered and 
stunted. In eastern Maine an open, bushy bog is commonly referred 
to as a heath; in Europe similar areas are called heath or moor. 

In the East the characteristic tree of bogs is the black spruce. In 
the latitude of southern New England this tree is seldom encountered 
except in bogs, while farther north, AAhere it is mu<‘h more generally 
distributed, the dwarfed bog form of it is so distinct from the form 
that grows on uplands that the two are commonly treated as distinct 
species.^ In the Pacific Northwest there apparently is no tree which 
is strictly comparable in its habits aa ith the black spruce in the East, 
but bog specimens of various trees, when compared with specimens 
groAA ing on better-drained soils, appear noticeably impoA^erished. 

From our point of vieAv, hoAvcATr, the most significant feature of a 
bog is the wonderful deA^elopment here of the sphagnums. Almost 
invariably these constitute one of the most prominent elements in the 
A'egetation. To a certain extent the sphagnums may grow in almost 
any wet, springy swamp, Avhether it is open or Avooded ; but eA^en in 
regions such as Nova Scotia and western Washington, A\here climatic 
conditions are most congenial to their dcAulopment, the sphagnums 

^ See the writer’s comment on thia point in Trans. Conn. Acad. Arts and Sciences 2U, 

P 257. 1918, 
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grow best in the bogs. So abundant, as a rule, are the sphagnums in 
this particular type of swamp that man}^ bogs are popularly referred 
to as moss hogs. 

Bogs do not always originate from ponds. In the Pacific North- 
west, in northern New England and eastern Canada, and to some 
degree in less humid regions, they may develop in Hat, poorly drained 
situations of almost any description, wherever the ground is wet 
enough to favor the growth of the sphagnums ; and in this connec- 
tion there is one remarkable type of bog that is of particular interest, 
namely, the so-called raised hog (pi. 2). These are met with only 
in regions where the climate is exceptionally congenial to the sphag- 
muns, for they ow^e their formation almost wholly to the activity of 
these plants. The raised bog of North America corresponds to the 
Hochmoor ’’’ of northern Europe. Sometimes they are referred to 
as hanging bogs or climbing bogs. 

A raised bog may originate on any flat, sphagnum-covered surface 
where the slope is not too steep. Ordinarily, it starts as a bog of the 
usual type. The mass of sphagnum, absorbing the water that falls in 
the form of rain or snow, slowly grows upward, and eventually the 
mossy surface of the bog, imderlain by a spongelike mass of peat, 
may come to lie 10, 15, and even 20 feet above the original flat sub- 
stratum. Kaised bogs are so termed from the fact that commonly 
they are much higher near their centers than at their margins, their 
surface contour, in typical cases, resembling an inverted saucer. 

Because of their dependence on atmospheric moisture, raised bogs 
are confined to regions of copious precipitation and high atmospheric 
humidity. Their presence in any region is significant, in the present 
connection, because it indicates climatic conditions suitable to the 
growth of surgical sphagnum. In Nova Scotia and coastal New 
Brunswick, where sphagnum of surgical quality is widely distrib- 
uted, for example, raised bogs are a frequent type. The sjxme is 
true of eastern ilaine. South and west of these regions (in the 
east), however, raised hogs are practically absent and sphagnum of 
surgical quality is of very local occurrence.^ But it should be added, 
in this connection, that the absence of raised bogs from a region does 
not necessarily indicate an absence of surgical sphagnum: singularly 
enough raised bogs are not developed to any extent in the Pacific 
Northwest," a fact which I am not ixrepared to definitely explain. It 
is further important to note that, while their presence in a region 
indicates that climatic conditions are congenial to sphagnum de- 
velopment, the raised bogs themselves, except locally in wet depres- 
^io!!*-, do not afford edaphic conditions suitable to the development 

’ In this nmncction. see Nichols. G E , Raised Iwers in eastern Maine, Geog Eev 
7 . l.V.i-lfiT. /->. 1010 

-‘Sf'c JUixs:. n n. Early stap\s in hog >^uccfs^ion. Puget Sound Biol. Sta. Bull • 10r»- 
:»lo. JU, ,io. 1910. 
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of surgical qualities of moss ; most of the hog surface is too dry. The 
best surgical material, and by far the largest quantities (this is par- 
ticularly true of JSphagimm papllloHxim) is to be found in the wet, 
flat, quaking bogs which border lakes and ponds, and which usually 
abound in the regions of raised bogs. 

PROSPECTING FOR SURGICAL, SPHAOXXTW. 

In surveying any district for surgical sphagnum, there are a few 
practical points which it is well to bear in mind. A wooded bog 
may contain plenty of sphagnum, but for our purpose it is rarely of 
any value. The good moss almost invariably grows in open bogs. 
Again, an open bog all overgx'own with bushes, where the sphag- 
num forms great soft cushions a foot or so high, is apt to afford 
pretty poor picking. There may be plenty of moss, but most of 
it will prove to be of the wrong variety; or if it is of the right 
variety it will be of poor quality. For that matter, it should be 
said that in almost any bog there is sure to be a large proportion of 
undesirable material; commonly the bulk of the sphagnum will 
consist of species that are of no use at all for surgical purposes. 

The best qualities of moss always grow in the wetter parts of a 
bog. A dry bog is apt to contain no material whatever of surgical 
value; a wet one may be full of it. The best kind of a bog for 
surgical moss is a wet cranberry bog: not a bog of the artificial 
variety that is so common in southern New Jersey, but one where 
the cranberries grow scattered over a soft carpet of moss, inter- 
mixed with more or less ‘‘cranberry grass” (Carcx fUformis and 
C. oligospema) ^ with perhaps a scanty growth of low bushes. In 
exploring any bog for surgical sphagnum, always look for the 
wet places : the soft, quaky spots around the edges of ponds, the mushy 
depressions, and the wet furrows; and steer clear of the bushy places. 

COLLECTION AND PREPARATION OF MATERIAL FOR TTSEJ 

The moss is usually collected by hand, but in some cases forks can 
be used to advantage. In collecting, emphasis is placed on gathering 
clean material, a^ free as possible from other plants and rubbish, 
since sooner or later all extraneous matter must be removed by hand. 
After being pulled up, the moss is squeezed to remove excess water 
and then packed iu a gunny-sack. On some of the Pacific Coast 
“moss drives” as many as 2,000 sacks of moss were gathered in a 
single day. If proper precautions are taken against mildewing, the 
moss, as it comes from the bog, can be stored without injury for 

1 See detailed instructions in papers by Professor Porter ( Porter, J. D , Instructions for 
the collection and preparation of sphagnuni mos^ for surjdcal purposes. Circular issued 
by Canadian Red Cross Society, pp. 1-7. 1917) and iTofessur Ilotsori (191S and 1919, 

op. cit.). 
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several months. Before it is ready to be made up into dressings, 
however, it must be sorted over (pL 3) and then dried. In sort- 
ing, all foreign material is carefully culled out, and at the same 
time the moss may be separated into two or more grades. The 
drying is best accomplished by spreading out the sorted moss in 
the open air, preferably on drying racks made for the purpose. On 
account, however, of the obvious difficulties associated with drying 
large quantities of moss in the open, various methods have been 
devised for drying it indoors (jd. 4). As soon as it has been 
properly dried the sphagnum is ready to be made up into dressings. 

spiiagxu:m absorbent dressings. 

The simplest type of sphagnum absorbent dressing consists of a 
cloth bag, which is loosely filled with the moss and then sewed up. 
The bag is made of light weight muslin of close weave, the usual 
gauze covering being impracticable on account of its open texture, 
which permits fine particles of moss to work through and (‘aiise 
irritation. This is the type of dressing authorized by the British 
War Office. A modification, developed by the Canadian Bed Cross, 
embodies the use of an inner envelope of thin Scot paper tissue to 
contain the sphagnum, thus permitting the use of gauze for the outer 
covering. The type of pad developed and adopted by the American 
Bed Cross (pi. 4) is essentially similar to the one just mentioned, 
except that it has a backing of non- absorbent cotton. In favor of 
the American type of pad, it is urged that it has the advantage of 
not becoming quickly wet through to the back. In favor of the 
simpler types it can be said that, besides being less expensive and 
less complicated to make, these afford better ventilation, thus being 
cooler and more comfortable. For certain methods of treatment the 
American type of pad unquestionably is superior, but for ordinary 
cases of infected wounds the straight sphagnum pad, made either 
with a muslin cover or with gauze and tissue, is in every respect 
equal to the cotton backed pad:" in fad, in many respects, it is 
better.^ Full directions for making the different types of sphagnum 
absorl)ent pad are given in the papers by Professors Porter and 
Hotson, already referred to. 

iThis opinion is expressed by Professor Porter in a recent letter to the writer. Tie 
furthor emphasizes “the suitability of the straii;ht spha^iuim jiad for tiopiral 

use and for men wh6 have been burned.” as is the case with so many naval cu:>ualties. 









HISTOEY OF MILITARY MEDICINE AND ITS 
CONTRIBUTIONS TO SCIENCE/ 


By Ooi« Weston P. CuAiiBEiiLAix, Medical Corps, tl. S. Army. 


I. 

The use of anus, however primitive, for offense or defense, must 
be almost coeval with the appearance of man upon this planet. The 
carvings of prehistoric races depict the march of organized armies, 
and from the deepest shadows of history echoes faintly the cla.sh of 
contending nations. In ancient times the art of war, like other 
fields of human endeavor, was simple in its practice, victory depend- 
ing largely upon numbers and brute strength, though the successes 
of the great commanders of the past, such as Alexander, Pyrrhus, 
Hannibal, and Caesar, were due in part to superior equipment, and 
in part to a better grasp by them of the principles of military tac- 
tics and strategy. With the increasing complexity of civilization 
the art of war has not been left behind. Its demands along the lines 
of equipment, personnel, and brains have steadily increased, and 
to-day more than ever before, we find in Europe that the latest dis- 
coveries in every branch of science, the coordinated energies of the 
entire nation, and the keenest of intellects are reipiisitioned to add 
to the death-dealing powers of the contending races. 

While war dissipates treasure, and sacrifices human life by reason 
of disease and injury, it is the duty of the medical officer to prevent 
needless wastage of life and limb, first in order to promote military 
efficiency and secondly in the interest of humanity. AtuI let it he 
emphmized at the outset that to-day the first duty of military rru di- 
clne is not hunianitananism. War in its essence is both cruel and 
wasteful, putting the good of the whole above that of the individual, 
and the military medical service aims primarily to prevent unneces- 
sary waste and to remove from the front the inefficient, in order that 
the supreme commander may have the largest possible number of 
unhampered fighting men on the firing line. If there is a clash be- 
tween the welfare of the wounded and the movements necessary for 
the most efficient prosecution of the conflict, then humanitarianism 

* Reprinted by permission, from the Boston Medical and Surreal Journal, Apr. r», 1917, 
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must give way to military necessity, feince victory is the paramount 
consideration and ultimate success the only complete justification of 
war. Consideration for the wounded must not be allowed to inter- 
fere with the interests of the army as a whole, and it has been said 
that the commander takes best care of his wounded by annihilating 
the enemy as promptly as possible. 

Like his combatant comrade the military medical officer must 
bring to his aid, both in peace and in war, every resource knoAvn to 
the healing art. In no other field of professional life is the physician 
expected to be thoroughly familiar with so many diverse branches 
of knowledge. 

The development of military medicine and surgery began at the 
same time and kept pace with the slow growth of those arts in civil 
life. Egyptians, Babylonians, and Hebrews had physicians with 
their armies, and Sanskrit accounts inform us that thosuands of 
years ago the wounded were removed from the field of battle, and 
taken care of in tents where beds of leaves wore prepared for them. 
For many ages priests assumed the role of physicians in both military 
and civil practice. Homer tells us that several of the great com- 
manders were skilled in the treatment of wounds, and that a fleet 
of 30 ships was set aside for the care and transportation of the 
wounded — the first record of ships being used for that purpose. 
That the work of the surgeon was appreciated in the time of Homer 
is shown by the Avords he put into the moutli of Xestor : 

“A surgeon skilled nur wounds to heal 
Is mure than armies to the public weal.” 

Homer also lauded the two sons of Aesculapius, lioth for their 
skill in arms and for their Avisdom in surgery, and thus Avrote of 
them 1,200 years before the birth of Christ: 

“ Of two ^rreat surgeons, Podalirius stands 
This hour surrounded by the Trojan hands, 

And great ^hn-haon, wounded, in his tent 
Now wants the succor which so oft he lent.” 

Again he des(*rihes an operation performed by one of the surgeons 
as follows : 

“ Pa trod ns cut the forky steel away ; 

While in his hand a bitter root he pressed. 

The wound he waslit*d and styptic Juice infused ; 

The closing llesh that instant ceased to glow. 

The wound to torture, and the blood to lluw.” 

As an example of the practice of a later Greek period, it is stated 
that Xenophon had eight field surgeons with his 10,000 troops. 

During the Roman republic officers of wealth and prominen(*e had 
their own private surgeons Avho accompanied tliem on the marcli. hut 
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there were no special surgeons for the armies. A regular military 
medical service dates from the time of the Emperor Augustus. At 
one period we are told that eacli cohort of 420 men had four sur- 
geons, while each legion of 10 cohorts had a legionary physician. 
In the navy there was one physician to each trireme. The physicians 
were Komans, or naturalized foreigners, and received special instruc- 
tion for their vocations. At this date hospitals ( ctdefudinana) were 
established for the severely w’ounded who were cared for by male 
attendants. Physicians to Eoman legions were of two grades, but 
commanded little respect, and their standing was on a par with 
that of the noncommissioned officers. Under the influence of Chris- 
tianity it became possible to secure more capable surgeons, and non- 
combatant hospital corps men and litter bearers came into use. Their 
duty was to remove tlie seriously wounded to a place of safety, and 
to care for them, receiving a leeward in silver for each man saved. 
They were required to carry a supply of drinking water and to fur- 
nish it as long as the wounded suffered from burning thirst. Each 
army had a common hospital. The physicians had no executive 
power and were subordinate to noncommissioned officers. 

Abul Kasem, an Arabian surgeon of note living in the latter 
part of the tenth century, in his Avork on medicine, devoted to the 
practice of military surgery a chapter which embodied his own ex- 
perience on the battlefield. The Helvetians regarded the treatment 
of the wounded as a sacred duty, but limited its application to their 
own soldiers, all w ounded of the enemy being invariably killed. This 
practice was sanctioned by many other nations. 

After the decline of Rome, armies seem to have been without or- 
ganized surgical assistance for many centuries. Wounded were re- 
moved and cared for by their comrades and by female camp fol- 
lowers. Up to the thirteenth century the practice of medicine w^as 
largely carried out by monks, and wdien this w as prohibited by Papal 
decree, it fell into the hands of the barber-surgeons, who for many 
years were the only representatives of a sanitary service with com- 
batant units. The names of two military surgeons, Manniot and 
Nigellus, are recorded in Doomesday Book, 20 years after the battle 
of Hastings. In 1300 it appears that an effort w as made to estab- 
lish a medical cor})s in the English Army, l)ut in the muster roll of 
1340 no sanitary personnel is mentioned. In 1415 , at the battle of 
Agincourt, there wore with King Henry V a ]ihysician, a surgeon, 
and 12 assistants. Physicians, howover, wore for tlie nobles, not 
for the common soldiers. Charles the Bold of Burgundy, in the 
fifteenth century, is said to have been the first to attach surgeons 
to troops instead of to officers. Gustavus Adolphus did the same 
in 1630. 
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As the healing art slowly developed, a few better educated men 
came to occupy the higher medico-military positions, but in general 
there was no organized medical service in armies till about the six- 
teenth century, and even then conditions were most primitive. Most 
of the common soldiers with serious wounds were left to die where 
they fell. If ill or permanently disabled, they were dismissed with 
a little money to enable them to reach their home. As illustrative 
of the 2 ^ractices of the times, it is related that Ambroise Pare, the 
foremost military surgeon of the period about 1550, saw three des- 
perately wounded soldiers placed with their backs against a wall. 
An old campaigner inquired, ‘‘ Can those men get well ? ” to which 
Pare replied “ Xo."” Thereupon the old soldier went over to them 
and cut all their throats, as the chronicle puts it, ‘‘sweetly and with- 
out malice.’’ When Pare upbraided him the old campaigner said 
he prayed God if he were in sickness and pain that some one would 
do the same for him, that he might not linger in his misery. 

The ancient treatment of military wounds was most primitive. 
For many ages injuries inflicted by swords, lances, arrows, and mace 
chiefly claimed attention. Arrow wounds were often i*egarded as 
poisoned, so treatment by toiling oil was considered by many as most 
appropriate, and may have had some favorable influence by combat- 
ing infection. Oil and wine were a favorite remedy for wounds. 
Arrowheads lodged in the body were drawn out with various crude 
instruments. Often they were pushed through and removed by in- 
cision from the opposite side. In other instances, where less acces- 
sible, tlie}" were treated by drawing plasters. Rabbits’ hair, mill 
dust, and moss from skulls found in graveyards were used as styp- 
tics. Two of the gi‘eatest teachers warned surgeons not to under- 
take an operation, if the life of the patient was in jeopardy, until 
he had received the last sacrament — a very cheering preoperative 
})rocedure. As most of the ancient surgery was j)racticed by men 
without education, the literature on the subject is very scanty and 
unreliable. Clumsy instruments for extraction of arrows were used 
for centuries without improvement, and ignorance and superstition 
clogged the wheels of progress. 

The introduction of gunpowder, beginning in the middle of the 
thirteenth century, gradually effected a complete revolution in mil- 
itary strategy and opened up new fields for the military surgeon. 
The replacing of longbows and crossljows by firearms jirogressed 
very slowly, and Improvement in the efficiency of tliese weapons was 
equally backward. In the unsatisfactory state of surgery in the 
medieval period, the introduction of firearms brought new dangers 
and increased the sufferings of the wounded. Fractures of the long 
bones, previously rare in warfare, became (‘ommon, together with 
extensive lacerations of the soft parts. Probes and fenestrated 
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bullet forceps were gradually introduced. In the fiftenth, six- 
teenth, and seventeenth centuries the writings show that some still 
considered such wounds poisoned and treated them by boiling oil, 
multiple scarification and venesection ; while others, especially 
(jerman surgeons, objected to these cruel methods and resorted to 
mild measures, such as warm oil of turpentine, hempseed oil, honey 
and warm milk, especially goat's milk. Tents rubl)ed with pcn^k to 
keep the wounds open were advocated. Alum, white hair of the 
rabbit, droppings of peacocks, dried blood, burning cotton, and red- 
hot irons were relied on as hemostatics. Suppuration was con- 
sidered a necessary preliminary to healing. 

Amid the barbaric methods, the charlatanism and the superstition 
of the fifteenth and sixteenth centuries, a few brilliant lights flick- 
ered, notably Wurz, a famous Swiss barber- surgeon (1518-1575) ; 
Mithobius, who wrote a treatise on military surgery in 1553, and 
Gelman, who published works on the same subject in 1652. Gelman 
described a death from tetanus, following a gunshot wound, whidi 
he blames on the surgeon, saying that the patient could have been 
saved if he had been given a draft of Thiriak Andromach in wine 
of lily of the valley, and if the neck had been rubbed v ith a particu- 
lar ointment, and the mouth held open with a gag. The greatest 
advance in surgery of this period was made by Ambroise Pare ( 1510- 
1590), to whom belongs the credit of having brought about the in- 
troduction of the ligature, though he himself was not the first to use 
it. Purman, who wrote an excellent book on military surgery in 
1738, is the first to describe deformation of bullets. 

In the earliest vecorded sanitary organization with armies the 
barber-surgeons were attached to companies, and a staff physician 
was assigned to the headquarters of each large force. Regimental 
surgeons were appointed in the English service as early as 1639 and 
ranked with chaplains. Sick and wounded were treated in their 
company camps by camp followers, and when the army moved were 
carried on wagons or left at the nearest town. In some cases the 
barber-surgeons provided their own medicines and instruments, 
while in other instanc*es deductions were made from the men’s pay 
for the purchase of such articles. About the year 1700 medicine 
chests were provided as a part of the equipment of regiments. In 
the early part of the eighteenth century the training of a better 
class of military surgeons Avas begun and these men were placed in 
the position of regimental surgeons, supervising the company bar- 
ber-surgeons. England was one of the first countries to recognize 
the necessity of a regular medical service in the army and to re.spect 
medical officers. From very remote times the medical department 
was an integral part of the Englidi army, and in 1685 mention is 
made of a surgeon general, and under William III there was a phy- 
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sician general. Sir Patrick Dun. In 1751, for the first time, English 
surgeons were permitted to wear the uniform of the troo])s to which 
they were attached, and in 17So a law was passed prohibiting the 
sale of the position of surgeon, but this abuse nevertheless continued 
for a long time. A real medical service in France dates fi‘oni 1708. 

In the seventeenth century military hospitals began to be estab- 
lished in garrisoned towns and in the rear of armies, and to these as 
bases the wounded were removed. I'artly mobile hospitals came 
into restricted use about 1700, but were not adapted for accompany- 
ing marching troops. For many years these liospitals usually carried 
no tentage and did not reach the field till a day or two after the 
battle. By a treaty between England and France these hospitals 
were declared neutral and were treated as such. The Xapoleonic 
wars brought out the amplific-ation of sanitary resources by the use 
of combatant soldiers detailed as litter bearers and surgeons' helpers. 
About this same time the barber-surgeons were being generally re- 
placed by trained surgeons, several of whom were attached to a regi- 
ment, while medical staff officers were being placed in charge of the 
sanitary work with armies to coordinate their sanitary resources. 
Only in 1779 had the barliei'-surgeons in the British army been given 
the grade of sergeant, and even then eacli of them had to expect a 
whipping if one of his grenadier patients died under his care. Am- 
bulance wagons to transport wounded gradually appeared as a paid 
of the equipment of regiments. About IslO so-called flying liospitals, 
able to follow troops, began to be roughly organized. A further 
great improvement in the type of medical men with the colors 
occurred, with corresponding improvement in their status. In I8l5 
Dr. Jackson, who was appointed by the Duke of York physician 
of all the forces, demanded military honors and decorations for his 
officers. lie said that sucli titles were irrelevant to scientific men, 
but that the common soldier would obey the medical officer better if 
he possessed rank in the army. Jac*kson's view is as true to-day as 
in the past, and forms tlie basis of the present grading and organiza- 
tion of medi(‘al deiiartments in all armies. However, in the English 
service up to 1871, medical officers absolutely belongetl to regiments, 
w’ere exclusively under the control of their commanding officers, and 
liad no powers of command. As a result of our (’ivil War and the 
Franco Alerman conflict in 1S70, the importance of increased mo- 
bility for sanitary troops was recognized in the British service, the 
regimental system was broken up, and gradually a medical staff* 
with mixed medico-military titles developed; but its officers were 
still denied many of the powers wliich pertained to similar grades 
in the line. Only in 1898, when the designation was changed to 
the Royal Army Medical C'orps, were British medical officers granted 
full military titles and most of the a(*companying powers which 
correspond with like grades in combatant branches of the service. 
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Light field hospitals, able to accompany troops with supplies, 
surgeons, apothecaries and assistants, came into being about 1850 , 
but these had no organization of litter bearers to bring wounded to 
them and depended on requisitioned country carts for transport of 
disabled. The Crimean War demonstrated the inefficiency of the 
British medical department and emphasized the necessity for some 
mobile transport organization. Xs a result litter-bearer sections 
were organized in several armies. Prior to this the fate of the 
wounded had been pitiable, though the short range of weapons and 
close order of battle formation had ])een factors which greatly facili- 
tated collection and succor of the injured. 

Improvements in firearms and munitions, especially rifling and 
the use of fixed ammunition Avith conoidal bullets and percussion 
caps, had caused, at the time of our Civil War, a great increase in 
the range and rapidity of fire. Tactics began to adjust themselves 
accf)rdingly. Danger zones increased in depth and the rapidity 
and precision of the new arms brought about thinning and lengthen- 
ing of the lines. As a result the Avounded were scattered over a much 
larger area than before. Our sanitary service at that time consisted 
of seAeral surgeons and a small hospital for each regiment, a fairly 
mobile field hospital under canAMS for each diAusion, a division 
surgeon to administer the foregoing, and at the bases a great number 
of vast fixed hospitals. This system Avas cumbersome and imprac- 
ticable in that it retained with the regiments seriously disabled men 
and bulky supplies, neither of Avhich had a place there. It was 
therefore destriictiA^e to tactical efficiency by interfering Avith the 
mobility of fighting units. It was undesirable from a humanitarian 
standpoint because it held sick and wounded at the front where their 
care and comfort could not be properly considered. The sanitary 
equipment of the regiments Avas usually far back Avith the trains and 
not available AAdien most needed. The personnel of one regiment 
might be overAvhelmed Avith Avounded Avhile that of another, not en- 
gaged, was entirely unoccupied. Tliere Avere no reserve sanitary 
organizations for bridging the gap, often Axry great, Avhich inter- 
vened between the firing lino and the diAusion hospital, and between 
the latter and the advance base, or for reinforcing the sanitary 
services attached to commands which were OAerwhelmed by a high 
proportion of casualties. As a result great delays in succoring the 
Avounded and unimaginable suffering oc‘curred in the early part of 
the Civil War. That these undesirable conditions Avere not confined 
to our own Army is shoAvn by the Avords of an experienced French 
military surgeon, Le Gouest, Avho Avrote about this time as folloAvs: 

^Military siirireons who }ui\h‘ boeu proseiit in various enpi;:einents all know 
that when the wuiiiHled fall in ranks there are none to carry them off except 
their own coinra<les * * * the soldier (luits the rank often never to return 
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or only after the fight is over ; the number of men earryirig off their comrades 
is rarely limited to the number really necessary, and one may sonfetiines see 
four or five or even six soldiers conducting to the hosi)ital a man slightly 
wounde<l and marching as well as his comrades. 

It is easily uiulorstod how serious to the plans of the eonimander 
^yere such depletions of the ranlcs in the alleged interest of humanity, 
but often with the real object of escaping danger. So crippling was 
the disability under which the sanitary service labored that on Au- 
gust 21, 1(S62. and again on September 7, 1862, Surg. Gen. Ham- 
mond submitted plans for an independent sanitary organization 
for use with mobile tn^ops. In both instances these recommenda- 
tions ^yere disapproved by the War Department. In the Army of 
the Potomac, however, Medical Director Letterman had convinced 
Gen. McClellan of the need for special aid for the wounded, and 
on August 2, 1862, he issued an order embodying Letterman's view^s. 
His plan, in brief, called for independent ambulance corps for each 
army corps. This corps was equipped with -ambulances and litters, 
a medicine wagon, and a mounted personnel of officers and sergeants. 
Tlie trans})ortation was to be used for the carrying of sick and 
wounded and for no other purpose. Xo persons except those duly 
authorized were permitted to accompany sick and wounded to the 
rear, either on the march or in battle. Subsequently Letterman 
added plans coordinating the work of the ambulance corps and the 
field hospital. The advantages of this system promptly became 
manifest, and it gave admirable service at the battle of Antietam in 
the month following its inception. I.ater Grant adopted the essen- 
tials of Letterman’s plan in the Army of Tennessee, and finally, 
though very tardily. Congress passed an act, appr(jved by the Presi- 
dent on March 11, 1804, establishing a uniform system of ambu- 
lance service throughout the luilitarv forces. The value of this 
mobile independent sanitary organization in saving life and suffer- 
ing, and in promoting tactical efficiency can not he overestimated. 
The organization and plan worked out by Letterman was so com- 
plete and practicable that it remains to-day the foundation upon 
whicli the mobile sanitary service in all armies is largely built, 
though experience has taught that its personnel should be composed 
exclusively of officers and men belonging to the medical department. 
With the development of field hospitals and ambulance companies, 
both being large, indei)endent sanitary organizations, the need of 
military rank, witli authority to command, for medical officers has 
become more evident, and the subject of sanitary tactics, as an im- 
portant branch of the art of war, has become an established fact 
recognized in all armies. 

As tlio organization needful for the haiidlirig of the disabled 
gradually emerged from the neglect and chaos of the middle ages. 
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so also the practice of military surgery improved coincidently with 
the progress of surgery in civil life. Intimately associated with the 
earlier achievements are the names of Pare, John Hunter, and Larrey. 
The suffering inherent in war was enormously alleviated by the dis- 
covery of anesthesia. Still the specter of infection remained, and 
hospital gangrene was the scourge of the wounded in the Civil War. 
With the development of antisepsis and asepsis a new era dawned 
for the military as well as for the civil surgeon. At a somewhat 
later date the introduction of small caliber, steel- jacketed bullets, 
which usually produced a small, relatively sterile wound, together 
with the use of sterile first-aid packets, led to a vast number of heal- 
ings by first intention in the case of gunshot injuries which had been 
merely dressed aseptically and then left alone. Asepis and conserva- 
tism were the watchwords, and the saying passed current that the fate 
of “ the wounded man rests with him who applies the first dressing."’ 
Much of this optimism has disappeared in the last two years, as a re- 
sult of the vast European War. The bullet of the latest militaiy l ifle 
is not as humane as that used a dozen years ago. Shrapnel, high 
explosive shells, hand grenades and bayonets, produce a proportion 
of wounds far in excess of anything dreamed of in the past. The 
conditions of ti'ench warfare favor infection, and the great range 
of modern weai:>ons, and the vast numbers of wounded, have rendered 
collection of the injured and removal to a place of final treatment 
far more slow and difficult than ever before. The character of the 
wounds produced })y shell, shrapnel, hand grenades, and spitz bul- 
lets is such that the first-aid dressing has failed to confer as high a 
degree of protection as it afforded in the wars of the previous two 
decades. Asepsis is less in vogue, and in England the cry has been 
raised, Back to Lister " — in other words, antisepsis with strong dis- 
infectants like pure phenol. Extensive opening of wounds with 
free drainage has replaced expectant and conservative treatment. No 
longer is it said that the fate of the wounded rests with him who ap- 
plies the first dressing, but rather that his future depends upon the 
rapidity of transportation and the possibility of thoroughly treating 
his wounds as soon as possible by elaborate surgical procedures. 

Turning from the field of surgery and relief organization in bat- 
tle, we find that military medicine, as distinguished from surgery, is 
intimately associated with, and a decided contributor to, the subject 
of preventive medicine. Since the days when "" The Assyrian came 
down like a wolf on the fold ” armies have been peculiarly the victims 
of epidemic diseases. Numberless campaigns have failed in whole or 
in part, because of dysentery, cholera, plague, scurvy, measles, small- 
pox, yellow fever, malaria,* typhus, or typhoid. An interesting re- 
view might be written dealing with history as influenced by e]iidemic 
disease. Up to the time of the Franco-Prus&ian War in 1870 , disease 
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had always claimed far more victims in every campaign than had the 
bullets of the enemy. With the growth of the knowledge of infec- 
tions during the last half century, the control of diseases due to pre- 
ventable causes has become one of the paramount duties of the mili- 
tary surgeon, and the success he has attained is shown in the re- 
markably great decrease of sickness in the Russo-Japanese War, and 
in the present Avar in Europe, as compared with campaigns of the 
past. In our oavh service three great triumphs stand forth— the 
eradication of yelloAV fewer in Cuba, the prevention of beri])eri among 
Philippine troops, and the suppression of typhoid fei^er through our 
entire Army by antityphoid inoculation. 

Looking back a little more than a century and a half the eye is 
caught by the name of Sir John Pringle (1707-1787), Avho is called 
the founder of modern military medicine as contrasted with surgical 
practice. Pringle, a Scotsman, serA^ed on the continent in the mid- 
century wars and aa as surgeon general of the English Army from 1742 
to 1758. His AAmrk, OhserA^ations oia Diseases of the Army,"’ 1752, 
promulgates the true principles of military sanitation, especially in 
regard to the A^entihition of hospitals, ships, jails, and barracks. He 
gave a good description of typhus fever, shoAved that jail fever and 
hospital fever AA^ere the same, correlated the different forms of dysen- 
tery, and named induenza. About six years later appeared Van 
Swieten’s monograph on camp diseases, and tAvo AAorks on the hy- 
giene and diseases of sailors by James Lind and Thomas Trotter. 
Both of these physicians published monographs on the subject of 
scurAy, which came into great prominence through its raA^ages among 
the sailors of Lord Anson s expedition in 1740. 

No review of the history of military medicine would be complete 
Avithout the mention of some of tho^e military medical men Avhose 
names should ahvays be held in memory because of notable services to 
the cause of progress and humanity. The civilian is apt to think 
that tlie duties of the medical officer are light and routine, and that 
his profes.^ional Avork consi^t^ largely in treating A^enereal diseases. 
Far otherwise. His life is a busy one, entering into practically every 
field of medicine, in many of Avhich he delves so deeplv that he un- 
earths nuggets for the use of future generations. The first name I 
will mention is that of Ambroise Pare, born in 1510, tlie crreat PTench 
military surgeon Avhose fame particularly rests on the Mihstitution of 
the ligature for the actual cautery and the styptic reli(nl upon before 
his time for the control of hemorrhage. He Avas not the first to use 
the ligature, but to him belongs the credit of having led to its general 
introduction against great opposition. He combated the prevailing 
opinion that gunshot wounds Avere poisoned. He opposed the use of 
boiling oil, popularized the use of the truss, introiliiced massage, ar- 
tificial eyes, and staphyloplasty. He <les(-ribed fracture of the neck 
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of tile femur, and was the first to suggest syphilis as a cause of 
aneurysm — a goodly contribution for one who began his career as 
an apprentice to a rustic barber. His first military patient was a 
captain shot in the ankle. Pare says of this case, ‘‘ I dressed him and 
God healed him/’ As he passed through campaign after campaign 
his reputation became more firmly established among both soldiers 
and physicians. lYhen he entered Metz, which was being besieged 
by Charles V in 155*2, and was dramatically presented to the officers 
by the Duke of Guise, he was received by the soldiers with shouts of 
triumph and the exclamation, We shall not die even though 
wounded, for Pare is among us.” 

John Hunter, the erudite scholar and great surgeon, was a staff 
surgeon in 1761, when he gained his unique knowledge of gunshot 
wounds. His contributions to surgery are too well known to need 
mention. He was made deputy surgeon general in the British Army 
and introduced a system of promotion in the medical service. 

The name of Baron Larrey is ever associated with the campaigns of 
Napoleon, and he was one of the great Emperor’s intimate friends 
and most trusted advisors. His energy on the battle field and his 
genius for organization have never been surpassed. His flying am- 
bulance corps and mounted surgeons often passed through showers of 
bullets in bringing aid to the wounded. At Aboukif Bay lie ampu- 
tated General Sully s leg above the knee under fire, and carried this 
officer to safety on his own back just in advance of a charge of British 
cavalry. He was an able surgeon and the first, in spite of strong op- 
position by civil surgeons, to advocate the employment of plaster 
s})lints in the treatment of gunshot fractures. In fractures of the 
leg, he used them to allow the patient to leave his bed as soon as 
possible. His military service extended over 50 years, and he par- 
ticipated in 26 military expeditions in three continents. Probably 
under no circumstances did the ability and courage of this remark- 
able man show to better advantage than during Napoleon’s retreat 
from Moscow. After the battle of Borodino, Larrey made 200 am- 
putations, practically with his own hands, with no bed or shelter, 
cold so intense that the instrument often fell from the benumbed 
fingers, and with the Cossacks hovering around equally ready to 
kill patient and surgeon. At the battle of Waterloo, he was sabred 
by Prussians and left for dead. Eecovering consciousness and try- 
ing to make his way across France he was captured, robbed, and 
sentenced to be shot. A Prussian surgeon, who had attended Lar- 
rey 's lectures several years before, recognized him, and the order of 
execution was stayed by Marshal Bliicher, whose son had been saved 
through Larrey’s exertions when wounded by the French in the Aus- 
trian campaign. 

136G50’— 20 17 
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The greatest of Eussian surgeons, and one of the greatest military 
surgeons of all times, was Nikolas Ivanovich Pirogoff, born in 1810, 
and who, like Pare and Hunter, had a remarkable career of self-de- 
velopment. He served in the Caucasus in 1849, in the Crimea in 
1854, and also reported on the Franco-Prussian and Turco-Eussian 
campaigns. He defined war as a traumatic epidemic.’’ He intro- 
duced female nursing of the wounded in the Crimea and was a warm 
advocate of freedom and higher education for women. In his 
treatise on military surgery, published in 1864, he holds large hospi- 
tals responsible for the spread of epidemic disease, and recommends 
small pavilions and segregation. His method of complete osteo- 
plastic amputation of the foot is well known to all surgeons. 

Friedrich von Esmarch, the great German military surgeon, intro- 
duced the first-aid dressing and standardized surgical hemostasis by 
the Esmarch bandage- He did much to improve the status of mili- 
tary surgery and the first-aid treatment of wounds. By marrying a 
royal princess he became uncle to the present Kaiser. Turning from 
the realm of the wounded we find that Emil von Behring, whose 
name is ever associated with antitoxin, began his career as a Prussian 
army surgeon. In 1880 the epoch-making discovery of the malarial 
plasmodium was made by Alphonse Laveran, a French army surgeon. 
The importance of the discovery of plasmodium was equaled by the 
demonstration of mosquito transmission made by Eonald Eoss, a 
surgeon in the Indian Army Medical Service. After years of patient 
work he was able to trace the full development of an avian parasite 
in culex and partly that of the human malarial parasite in anopheles. 
Zieman, a naval surgeon, was the first to confirm the work of Eoss 
and the Italian observers. More recently much important and 
original work on malaria, as well as on entamoeba, has been done by 
Capt. Charles F. Craig, of our own medical corps, who has written 
several monographs on these subjects. Capt. Craig, in association 
with Maj. Percy M. Ashburn, was the first to establish the truth of 
Graham's theory that dengue fever is transmitted by the bite of mos- 
quitoes of the genus culex. 

Our knoAvledge of tropical medicine was enormously advanced by 
Col. Sir W. P. Leishman and by Maj. Charles Donovan, both of the 
British service, who independently discovered that the so-called dum- 
dum fever, or Kala-Azar, was due to an intracellular parasite, which 
has been named, in honor of its discoverers, Leishmania donovani. 
The name Col- Leishman is also associated with one of our well- 
known polychrome stains. 

Other names intimately associated with tropical and preventive 
medicine are those of the naval surgeons Mormand and Bovay, who 
first described the parasite of Cochin-C^hina diarrhea; Maj. Bailey 
K. Ashford, of our Army, whose work on hookworms in Porto Eico 
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is too well known to need description; Capt. E. D. A^edder, who in 
my laboratory in Manila performed the experiments with emetin and 
amoeba, which led Leonard Eogers to undertake the hypodermic treat- 
ment of amoebiasis with that drug. Capt. Vedder and myself in 
Manila canned out extensive investigations on beriberi, and were the 
first to show that the extremely fatal infantile beriberi was promptly 
curable by the use of an extract of rice bran or polishings. AATiile 
the English and the Gennans were the pioneers in developing the 
antityphoid inoculation, it was through the enthusiasm and energy 
of Maj. F. F. Eussell, of our medical corps, that the practice was 
introduced and made compulsory in the United States Ainny. Our 
service was the first in Avhich compulsory antityphoid vaccination 
was employed, and the demonstration that the scourge of armies 
could be eradicated as a result of this measure stands as one of the 
greatest triumphs of preventive medicine. 

Among others in our own service whose names will be remembered 
should be mentioned Gen. George M. Sternberg, formerly Surgeon 
General of the Army, and who has but recently died. Sternberg was 
a pioneer in bacteriology in this country, and his book on that sub- 
ject was for many years a standard work of reference. He was par- 
ticularly interested in the subject of yellow fever, and it was due to 
this interest that the board of Army medical officers was appointed 
w^hich disclosed the method of transmission of that disease. 

Among those members of our Army medical service who subse- 
quently became prominent because of work outside the practice of 
medicine and surgery may be mentioned Maj. Gen. F. C. Ainsworth, 
who was for many years Adjutant General of the Army, and Maj. 
Gen. Leonard AA'ood, a graduate of Harvard, who for high executive 
ability has been promoted to many important posts. Col. John Shaw 
Billings has been pronounced by competent authority to be the most 
eminent bibliographer in the history of medicine. He served with 
great credit as surgeon through the Civil AVar, and in 1864 was trans- 
ferred to AA'ashington for duty, where he remained till his retire- 
ment in 1895. His name is indelibly associated with the upbuilding 
of the Library of the Surgeon General of the Army, which through 
his energy became the largest medical library in the world, and also 
with his index catalogue of this library. AA^ith Fletcher he edited 
the Index Medicus for 20 years. The trustees of the Johns Hopkins 
fund in 1876 elected him as their medical advisor after having 
accepted his designs for the Johns Hopkins Hospital as the most 
satisfactory of any submitted. In 1896, one year after his retirement 
from active service, he became superintendent in chief of the New 
York Public Library, whore he solved the enormous diffi(‘ulties con- 
nected with the consolidation of the New York libraries and the 
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const ructioa of the present magnificent building. He remained with 
the library until his death in 1913. In 190o he was selected to lay 
out the plans for the Peter Bent Brigham Hospital now facing the 
Harvard Medical School. 

The name of Jonathan Letterman should always be remembered by 
military surgeons as the greatest sanitary organizer of modern times. 
I have already referred to his plans for an ambulance corps which 
became the basis for such service in all armies. He put an end to 
the depleting of the ranks of the Army Avhich had been caused by 
injudicious and careless discharges for disability, and by the license 
of sending to distant general hospitals men who should never have* 
left the zone of operations. He insisted on having sick and wounded 
treated at hospitals nearer the front whenever the condition of the 
service and the welfare of the patient permitted, thus doing away 
with one of the chief factors in military absenteeism. By well- 
thought-out sanitation, strenuously enforced, he kept the Army of 
the Potomac in a state of health unparalleled in forces of such 
magnitude at that time. For alleviating the sufferings and saving 
the lives of thousands of his countrymen, and for adding to the vigor, 
discipline, and effective fighting strength of the principal army of 
the Eepublic, he has a just claim to the grateful remembrance of his 
professional brethren, of his comrades in arms, and of his country- 
men. Gen. McClellan wrote of him in 18G3, “ I never met with his 
superior in power of organization and executive ability.'’ His name 
is now commemorated in the Lettennan General Hospital at the 
Presidio of San Francisco. 

The most dhtinguished and important internist of the early French 
school was Bene Laennec ( 178l-liS*J6) . Like Bichat, the creator of de- 
scriptive anatomy, he was a regimental surgeon in the French Eevo- 
lution. Both were early victim^ of phthisis. If we can trust Kip- 
ling’s description, it was while a military prisoner in England that 
Laennec (‘arried out the experiments with the stethoscope, the instru- 
ment with which his name is indissolubly connected. 

Intimately a^^sociated with the Post of Plattsburg Barracks, from 
which I have recently come, is the name of an Army medical officer 
at whose door opportunity knocked and was not refused entrance. 
Dr. William Beaumont, by his observations and experiments on the 
Canadian half-breed, Alexis St. Martin, laid the foundation for our 
present knowledge of gastric digestion. Part of this work was car- 
ried out at the isolated military post of Mackinaw in the primeval 
forests of Michigan about and the remainder of the investiga- 
tions were conducted at Iffatt>burg P>arracks, X. Y. Beaumont was 
the true leader and pioneer of experimental physiology in our 
country. His work remains a model of patient, persevering investi- 
gation, experiment, and research. 
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The conquest of yellow fever is a far-reaching achievement to 
which America can lay entire claim^ and which especially reflects 
credit upon the Medical Corps of the United States Army. In 1900 
the Army board, consisting of Maj. Walter Iteed, Maj. James 
Carroll, and Contract Surgeons Lazear and Agramonte, proved by a 
series of brilliant and conclusive experiments that yellow fever is 
transmitted by the bite of a mosquito, the Steyomyki fasciafa. Bas- 
ing his sanitary work on the discoveries of Eeed and his associates, 
our present Surgeon General, William C. Gorgas, freed Cuba of 
yellow fever and made possible the building of the Panama Canal, 
thereby establishing his claim to be called the greatest sanitary expert 
the world has known. 

The experiments which established the mosquito theory of yellow 
fever transmission are so recent and well known that I shall not 
enter into them except in one particular. Dr. Lazear died from 
yellow fever contracted while at this work. Acting A^M. Surg. 
Robert P. Cooke and several volunteers from the Ho'^pital Corps 
slept for 30 nights in a small un ventilated room, using the bedding 
and Avearing the garments just taken from fatal cases of yellow fever 
and Avhich were soiled with the black A^omit and excretions of these 
patients. Maj. Carroll first, and subsequently several members of the 
Hospital Corps, submitted to the bites of moMpiitoes Avhich had pre- 
viously fed on yellow fever victims. Several of them <*ontra(*ted the 
disease, and Maj, Carroll narrowly escaped death. The world at 
large recognizes that it requires high courage for the soldier to 
charge the enemy, even in the excitement of battle and surrounded 
b}^ his comrades. In the present European war hundreds of medieval 
men have met wounds and death in serving the cause of fatherland 
and of humanity under fire. It called for courage of a different quality, 
but of quite as high an order, to enable a man to submit himself, in 
cold blood, for expei’imental infection with a disease which Avas as 
mA'sterious, as painful, and as fatal as atHow fever. All honor is due 
ivraj. Carroll, Dr. Cooke, and those Hospital Corps men Avho stood 
this test in the interests of humanity and to the everlasting credit of 
military medi(*ine. There is no better example of t]u‘ semtiment that 
“ Peace hath higher tests of manhood than battle ever kneAv.” 
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INTRODUCTORY, 

During the four years in ^hich the greatest nations of the world 
have been locked in a struggle for military supremacy, there have 
been many thinking men both behind the fighting lines and within 
the camps of the belligerents who have realized the role played by 
economic and commercial activities in the evolution of that inter- 
national status that was inevitably bound to result in the most ter- 
rific human explosion that has been witnessed in the history of 
mankind. 

It is a fact that nations, while in truth forming one great world 
family, yet are and always will be actuated by the same individual 
interests and selfish desires that are bound to be an actuating prin- 
ciple in the lives of those who make up any human family. By 
realization and appreciation of the fact that as in a family, human 
equity demands the recognition and development of the rights of 
the individual, so in the world international justice and polity de- 
mand the right of individual nations to the means of sustenance 
and growtlx, we shall arrive at a conception of the much longed for 
“ world democracy.” 

In practice this right can not be actually attained. By virtue 
of circumstances certain individuals and nations are more highly 
endowed than others with nature's gifts. While the ideal of democ- 
racy that all men are and of right should be free and equal, ma3% 
and doubtless will, remain to the end of time unattainable, 3^et the 
principle of democrac}^ as rightly and faithfully applied demands 
that those individuals or nations who have attained a certain suprem- 
ac}" in the affairs of mankind shall watch over the welfare and 
safet}^ of those who must struggle under the handicap of a lesser 
share of nature’s en<lowments. In the life of a democratic state 
there will always be two factors that will combine to keep the 

^ R<‘I)rinD'd l>y pormission from Economic Gt^ulogy, Vol. XIV, No. 2, March-April, 1019. 


251 



252 ANJfUAL KEPORT SMITHSOXIA^ I^s'STITUTIOisr, 1918. 

balance true and to prevent the undue ascendanc}" of one individual 
to the exclusion and to the undoing of others. They arc: first, 
the disinterestedness of human nature which has led many a man 
to give up not only his life but also the chances of so-called personal 
aggrandizement for the sake of benefiting other individuals and the 
race at large ; second, the self-interest of human nature which leads 
every man to struggle against those interests and ascendancies tliat 
he conceives to be prejudicial to his own personal welfare. It is 
only by a true appreciation of these two predominant influences in 
the lives of nations and mankind that we shall be able to exercise the 
curb in international relations that is of paramount importance if 
we arc to prevent a repetition of the struggle of tlie past four years. 

GER^IAXT’s 3IETHOD OF COMMERCIAL EXPAXSIOX. 

A clear exposition of some of the conditions and policy that led 
up to the recent war is shown in a book pulilished during 1918/ 

Germany’s Commercial Grip on the World,” by M. Henri Hauser, 
a professor in the University of Dijon. It was written in order to 
bring to the French-speaking public the realization of Germanj’^s 
business methods as applied to her foreign trade, the business methods 
by which she had acquired before the war a commercial ascendancy, 
little realized by the average business man in countries not appar- 
ently within the sphere of German in^uence, and completely un- 
appreciated by the unsuspecting consumer, who regarded the trade 
mark “ made in Germany ” with an amused toleration frequently 
bordering on contempt. 

Hauser's book is a distinctly fair and unbiased attempt to set 
before the mercantile and also the lay reader the means l)y which 
Germany had made for herself that domination in the commercial 
Avorld which is the undoing of all real international democracy. 
He gives due credit to German economic A^irtues, such as her in- 
crease in population, her industry, her discipline, and her submis- 
sion to authority. In his analysis he emphasizes four fundamental 
instruments in the attainment of German commercial power: the 
bank s^’stem, the cartel, the transport organization, and the role 
of the state in encouraging and supporting specialized industries. 

The bank systenr^^y the combination in German banks of 
the three functions of deposit, credit, and finance these organiza- 
tions have been enabled to play a part in the promotion of industrial 
enterprise which in our own country is reserved for the individual 
financier, for the banker rather than for the bank. In order to 
render their export trade independent of British and French financial 
channels, the various large German banks began, as HaUser aptly 
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phrases it, to swarm and in a comparatively short time a network 
of German banks was established in South America, Italy, Greece, 
Turkey, and Asia Minor. The dangers attendant upon such a 
wholesale participation of the banks in industrial promotion resulted 
in some heavy losses and caused the banks to ado^it a vsystem of 
grouping by which each great bank supports several undertakings 
and on the other hand each large financial enterprise is backed by 
a group of several banks. This grouping of banks is rendered pos- 
sible by a mutual interchange of paper, a method which however 
advantageous from the point of view of business promotion is never- 
theless susceptible of most dangerous collapse in the event of sudden 
slump. The relation of the original German bank to the home in- 
dustry is reproduced in the relations of the subsidiary foreign banks 
to the importer and exporter. They supply the manufacturer with 
credit that enables him to furnish his customers with the par- 
ticular type of long-term payment best suited to their convenience. 
Moreover, the practice of gradually withdrawing German capital 
from overseas banks after the institution had been successfully 
manipulated into German control has resulted in the financial domina- 
tion of foreign countries without the locking up of home capital 
to any large extent. The loans made to a foreign state are repaid 
in orders, insurance companies instituted abroad replace their re- 
serves in German securities: in short, the trend of capital is all to- 
wards Germany. Such a condition of affairs leads to what even a 
German was forced to characterize as “ an unhealthy rise in industry ” 
and furnishes the possibility of a phenomenal and predominating 
industrial expansion. 

The cartel systenu — The celebrated cartel system to which Germany 
owes so much of her industrial efficiency is characterized by Hauser 
as a combination of producers for the cooperative sale of their out- 
put or of certain classes of their output. It differs from our trusts 
in that the individual enterprise retains its entity, but shorn of all 
independence in the sales transaction which is either carried out by 
the sales bureau or else regulated as to price, geographic limitation, 
quota of production by individual factories, etc. There are two 
factors which check the domination of the cartel. The larger es- 
tablishments, such as Kriipp, escape its domination because they 
are able through their far-reaching interests to supj^ly themselves 
with all the essentials of their industry within their own domain. 
Moreover, the changeable nature of the cartel which adapts itself 
to and changes with the condition of the market renders it not 
so much an ironclad yoke as an adjustable harness by which compe- 
tition is restrained, overproduction regulated, and lowering of 
prices prevented, provided the adlierents of the cartel submit to 
the rigid discipline of its authority. Hauser explains how the 
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cartel came into being as the inevitable outcome of the period of 
overproduction, under consumption, and lowering of price that 
accompanied and followed the financial depression of 1873. At that 
time competition was so intense as to be well nigh the extermination 
of many industries and the cartel, which was instituted more or less 
as a self-protective measure, has later by its introduction of dump- 
ing” on foreign markets been enabled to control and correct the 
conditions in the home market that have always been both a stimulus 
to German industry and a menace to foreign competition, namely, 
the ability of the German factory to overproduce. By “ dumping,” 
the German manufacturer gets rid of his surplus production on 
the foreign market at a price that would be disastrous were it not 
for his ability to rehabilitate himself by means of the higher do- 
mestic price set and maintained by the cartel. Through the cartel 
he is also enabled to acquire an export bonus on the price of raw 
materials destined for ultimate export in the form of finished product. 

Transfort , — Additional facilities are furnished to the export trade 
by the special transport rates on both railway and steamship lines 
which not only enable the manufacturer to get his goods to foreign 
destinations at sometimes only one-quarter more than he would pay 
to ship the same commodity between Breslau and Hamburg, but also 
offer an attraction to foreign shippers to consign their merchandise 
via German railways or German ships at greatly reduced freight 
charges. In other words, by means of the State operation of rail- 
ways the Government is enabled to practice a sort of railway dump- 
ing by which the transport charges can be reduced for the benefit of 
the export trade or of foreign traffic. 

Role of State. — M. Hauser emphasizes the function of the German 
State in economic domination through its ownership of railways, 
and its military and naval consumption, together with its hold on 
the electrical industry acquired by its monopoly of canal towage. 

In regard to the cartel the State finally resolved to make a virtue 
of necessity by adopting a policy of toleration and supervision which 
wound up in some cases by the State absorbing the cartel as in the 
case of the loose jointed union between the government and the coal 
syndicate, or by the State organizing the cartel as in the case of the 
potash syndicate, which owed its existence in the first place to the de- 
sire of the Government to regulate the production of the Prussian 
Stassfurt mines and to keep the price sufficiently high to preserve 
for the nation the material required for agriculture. The potash 
syndicate holds a unique position among German cartels owing to 
the fact that German potash production has resulted in the largest 
national monopoly known among minerals. The aim of the Kali- 
syndikat was not to encourage export by reduction in prices on the 
foreign market, but rather to raise the export prices and thus by a 
system of reverse dumping to reserve material for home consumption. 
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Conquest of foreign markets . — In the last section of his book 
Hauser deals rather briefly with German methods for conquest of 
foreign markets. He emphasizes the systematic stud^^ of the indi- 
vidual market and clientele by which the German exporter arrives at 
a complete understanding of the requirements and possibilities of 
their export business. He notes the acumen and psychological 
shrewdness of the German commercial traveler who is constantly on 
the spot, always anxious to satisfy his customer, always read}^ to do 
business honestly if possible, dishonestly if necessary. He calls at- 
tention to the exportation of a business house where it seemed that 
foreign trade could be better handled through the direct manage- 
ment of an overseas branch of the German industry, and he laments 
uncontested intervention of the German middleman in the conduct of 
French trade. He acknowledges the cleverness of German propa- 
ganda and publicity methods by which they handle an enormous 
and skillfully manipulated self-advertising scheme. Most impor- 
tant of all, he explains the final step in German exportation, which is 
the transplanting of factories themselves into foreign territory. He 
disposes of the fallacious argument that such export of industry 
enriches the country so penetrated by showing that, as in the case of 
the foreign branches of German banks, capital is not actually trans- 
ferred from the German source to the foreign country, but on the 
contrary the minority of the share of capital is frequently the Ger- 
man portion. Nevertheless, the German skillfully manipulates the 
distribution of interests so as to retain a controlling hand in the 
management, and in addition he obtains a corner on the foreign raw 
materials in which he is often deficient at home. A good example of 
this was the Thyssen control of Normandy blast furnaces through 
his institution of a factory and railway in association with the iron 
mines in Normandy. In return for his cession of all except 20 per 
cent of his control of the factory to so-called French interests he 
acquired the right to purchase the complete supply of the Norman 
furnaces. The last step in exportation is taken in order to escape 
burdensome taxes on finished products, machinery, dyes, etc., and the 
German exports his semifinished materials and assembles and perfects 
them in the country of their ultimate destination. 

Economic factors in causing war . — In conclusion Hauser sums up 
the conditions which were potent factors in causing the recent war — 
first, the sudden and daring rise in German industry that has 
necessitated the organization of a drastic cartel system to combat 
the dangers of unlimited competition entailed by overproduction; 
second, the further relief of this congestion of overproduction by 
means of an overdeveloped system of foreign dumping; and, thircl, 
the temptation to stabilize her somewhat shaky financial foundation 
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by the accession of foreign capital which it Avas becoming increas- 
ingly difficult to attain by peaceful methods. In short, Germany’s 
commercial grip on the Avorld, AAhich had strengthened speedily and 
yet to a large extent unobserA^ed, had finally reached a point Avhere 
its future strength Avas becoming imperiled by the growdng realiza- 
tion of other nations and their consequent restlessness under the 
yoke. Such an autocratic and ironclad policy can not continue for- 
ever unchallenged, because there exists in the Avorld that inherent 
democracy of nations, perchance actuated by fundamental self- 
interest, Avhich at all costs insists upon maintaining to individual 
nations the right to exist. 

The Russian opinion of German methods is briefly set forth in 
a small volume hy Dr. Paul GourvitclP written in English and pub- 
lished in NeAV York in 1917. It is also a fair and unbiased descrip- 
tion of German commercial poAver. It gives due credit to the 
fact that much of her supremacy was due to her oavii energy and 
foresight in the conduct of her exporting business by Avhich she was 
often enabled to supersede the laxer and more “hit-or-miss'' methods 
of her foreign competitors. Gourvitch describes in detail the im- 
porting and exporting of credit. While giving due cretlit to Ger- 
man skill and enterprise in the manipulation of foreign markets 
he does not fail to note their dishonest and unscrupulous methods 
in the matter of imitation and counterfeiting in order to replace the 
commodities of their competitors by their own goods sold at lower 
prices. 

ger:man postavar trade. 

The volume by Herr S. Herzog,- which Avas pubrished in trans- 
lated form about two months ago under the auspices of Herbert 
Hoover, Vernon Kellogg, and Frederic C. Walcott, called “The 
Future of German Industrial Export^,’' represents the ideas of a 
Avell-knoAvn German engineeer on the subject of reestablishing after 
the war the same methods of commercial supremacy that led to the 
recent catastrophe. His avoAved aim is to regain by strategic 
means the former commen ial position of Germany, tie definitely 
states that since the par value of treaties is nil, any commercial 
treaty formulated after the war will be worthless. He contends 
that the treaty Avill be but the preliminary to an economi<* Avarfare 
having for its object the mastery over German industry. He states 
that Germany's industrial exports must go on. In order to do this 
the essential structure of German industry is to be divided into two 
classes, the fir^t known as protective industries,” representing both 
raAv and finished products of German origin that are absolutely 

i Gourvitch, Paul, “flow Germany Does Rusiness,” B, W. Huebseh, New York, 11)17. 
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indispensable to some foreign country. These products are to be 
placed under a special State control by which they are to be fostered 
and supported so that it will be possible without killing the industry 
to place an absolute embargo upon its market in any foreign 
country that has vsliown injurious discrimination against Germany. 
The second class comxn-ises those auxiliary industries that furnish 
to the protective industries the necessary raw materials. These 
auxiliary industries are obliged to furnish the necessary raw ma- 
terials at such low cost that it is possible for the protective industry 
to remain always in control of the market. The secondary industry 
will be reimbursed in the course of time by a percentage share in 
the earnings of their customers or else through the general guar- 
antee fund which it is proposed to institute in order to supply the 
necessary reserve capital that will enable the protective industries 
to cut their prices beloAV competition and to submit to embai'goes on 
their market while they produce a stock sur2)lus. It was also pro- 
posed to institute a central sales bureau that should have complete 
charge of the foreign sale or embargo of the output of the protective 
industries. 

His scheme as elaborated is chiefly a matter of domestic organiza- 
tion which had already reached such an advanced point in German 
industry. Its weak point is that Germany is dependent for many 
raw materials upon foreign sources. But it must be remembered 
that this book was written in the confident expectation of a complete 
German victory by whic'h she would be in a position to dictate her 
terms to the world. What these terms wmuld have been is stated in 
Chapter II w ith a candor for which we can not help but be grateful 
since '' forew arned is forearmed.'’ The tenns of their commercial 
treaty would have entailed a>surance of raw^ materials at suitable 
prices, prevention of specially discriminating or injurious foreign 
taritfs, assurance of all concessions and protection to German in- 
terests that are conferred upon any other nation, and official recog- 
nition of the various federations that were to furnish the modus 
operand! of the schemes outlined above (for the protection of Gei^man 
interests). Herzog then goes on to indicate that it would be well to 
demand exclusive favoritism of Germany in certain points, after 
carefully eliminating all possibility of any discriminative favoritism 
against Germany. He demands for her unlimited right to secure 
raw materials abroad w'ithout any export restriction in the covintry 
of origin, he in^,ists upon the right of supervision over German plants 
abroad that are furnishing raw' materials to the protective industries, 
he stipulates for control of foreign freight rates, he eliminates all 
foreign conces^^ions that could benefit other countries to the exclu- 
sion or disadvantage of Germany, and he demands a special guar- 
antee to cover German capital invested in foreign countries. In 
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short, he demands not only an open door for German trade but also 
all kinds of special provisions operating to the benefit of German 
trade in order that she may entrench herself safely behind an in- 
vincible bulwark of commercial supremacy, 

READJUSTMENT OF MINERAL SUPPLIES. 

A commercial domination by any one nation is obviously unjust 
and is as we have seen one of the most potent reasons for the recent 
w^ar. We can not escape from the fact that in the intenelation of 
nations, certain countries are bound to play a dominant part in the 
production or in the manufacture of certain commodities. The Ger- 
man control of potash and the Chilean output of nitrates are the 
largest examples of so-called world monopolies of minerals. Never- 
theless, in the last four years even these two most formidable com- 
mercial bogies have been robbed of some of their terrors. 

Potash . — We have found to our surprise how possible it is for us 
to get along without German potash. The possibility of decreased 
consumption, various new sources as well as the increased possibility 
of recovery from waste sources in blast furnace and cement plant 
gases have shown that for a considerable period, at least, we are not 
absolutely helpless without the German supply. But commerce, 
which takes the place in the life of a nation that breathing does in 
the life of an individual, must, in order to attain eventually the best 
results, be like breathing, a natural process. 

In the present stage of the w^orld’s development the natural source 
of supply for potash lies in the German deposits and from that 
supply we have a right to expect our maintenance. It is a debt that 
Germany owes to the democracy of nations and which she must pay 
wdth equity and, if not voluntarily, then under protest. In this con- 
nection it should be noted that the reserves of Alsace-Lorraine have 
been computed as sufficient to furnish the w orld wdth potash for 300 
years; have been considered to be about equivalent to those of the 
Stassfurt deposits, wrhile it appears likely that reserves of consider- 
able magnitude may be developed in northeastern Spain. So much for 
potash, which, though important by reason of its entire localization 
within the confines of what was German territory, is not one of the 
most essential of mineral commodities. 

The important mineral commodities . — The accompanying figures 
show in diagrammatic form the relative control by the United States, 
Great Britain, France, and Germany of the five most important 
mineral commodities. The first column represents the percentage 
of the world’s output that is produced by these countries and by 
their colonial possessions. The second column represents the pro- 
duction control of raw material exercised by these four countries, 
as expressed by their domestic production plus their imports. The 
third column represents the consumption control of finished products 
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as expressed by the amount of raw material retained in the country 
after export. 
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Figs. 1, 2, 3.— Dominant control of the world’s output of lead, copper, iron-ore of mineral products. 
Aggregate control shown hy vertical line on right. 

The United States leads in both production and production con- 
trol of all five minerals. Great Britain is efiual, or superior, to Ger- 
many in production of all except iron ore, in which she has only 
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half the output of Germany. France is plainly deficient in all five 
essential minerals. Therefore, Germany and Great Britain divide 
the control of production among the three European nations. 

In the actual industrial control of raw materials, however, the 
matter is quite different. The United States still leads, as would be 
expected from her large production; Germany has plainly taken 
the foremost place in all except the lead industry. She controls by 
means of her imports as much fuel as Great Britain and about 




Fig. 5. 

Figs. 4, o.-— Doruinant control of the world’s output of zinc and coal. Aggregate control shown by 

vertical line on right. 

twioo as much iron ore, copper, and zinC; France is far behind. The 
actual amount of fuel consumed for domestic and industrial pur- 
I»oses in Great Britain and Germany is nearly the same, but Ger- 
many '.s consumption control of crude copper, zinc, and iron is al- 
most double that of Groat Britain, while the indiistrial consumption 
of France aprain lap:s far behind. 

An inspection of the scale on the right of the diagrams brings 
out the fact that these four countries control in their production 
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about nine-tenths of the world’s coal and zinc; four-fifths of the 
world’s iron ore; two-thirds of the copper; and over half the lead 
output of the world. A glance at the columns showing control of 
raw materials indicates that the world’s industrial market of copper 
and zinc, and nine-tenths of the market of coal, copper, and lead, is 
in the hands of these countries. The balance of industrial power 
before the war lay between the United States and Germany. 

Coal and iron . — In the case of France nature has dealt hardly 
with her in the matter of mineral resources and as long as she re- 
mains deficient in coal she will never become an industrial factor. 
Before the war the balance of fuel was too much upon the German 
side of the scale. Much of Europe’s chance for a stable and endur- 
ing peace lies in an equitable redistribution of her coal and iron 
supplies. Various official suggestions from the governments of 
France and Great Britain appear to favor the restitution of the Lor- 
raine basin to France, thereby transferring almost three-fouidhs of 
Germany’s total of iron ore output. The necessary coke to handle 
this amount of ore is to be found partly by annexing the Saare 
district and partly by drawing on the high grade coal fields of 
Westphalia. In case the Khenish AVestphalian syndicate should re- 
fuse to export coal to Lorraine it is proposed that France should 
establish a reciprocity treaty with England whereby she can draw 
British coal in exchange for French iron ore. It is urged at the 
same time that iron ore exports to Germany should be restricted 
in order to prevent possibility of future war. These ideas meet with 
favor in various British journals. 

Some German notions of a post-war distribution of coal and iron 
have come to us through French sources. It seems probable that they 
are a fair representation of prevalent opinion in the German com- 
mercial world. A memoir addressed to the Imperial Government in 
December, 1917, by the Association of German Iron and Steel In- 
dustries and by the Association of Metallurgists is in favor of peace 
Avithout annexation except for the acquisition of Briey Avhich they 
claim would assure to Germany in the next w^ar considerable re- 
sources in domestic ore. The Wirtschaftszeitung of the Central- 
machte calls attention to the fact that the annexation of Briey 
would cause unfortunate competition with the German blast furnaces 
already in operation. It might be better to allow France to retain 
possession of Briey and to send her ore to Germany. It appears 
that Germany has contemplated the possibility of exceeding the 
American iron and steel production by means of the resources of 
the Briey basin and by the further development of German interests 
in Normandy. 

136650^^20 -18 
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A clear exposition of the French attitude towards the coal and iron 
problem by L. DeLafmay^ has unfortunately never been translated 
into English. The second part of the book deals with the treaty of 
peace and post-war conditions. He discusses the coal situation of 
Europe and calls attention to the fact that the production of Ger- 
many had increased nearly 20 per cent in the five pre-war years 
while the production of Great Britain had remained nearly station- 
ary during the same time. He emphasizes the excellent quality of 
the coal of Westphalia, which amounts to two-thirds of the actual 
coal production of Germany (lignite excluded). He notes the low 
cost of extraction of coal in Germany due to the natural ease in 
working their coal deposits and to the installation of machine cut- 
ting in German mines. To this natural richness in coal he ascribes 
the longing of the Germans to possess not only the iron ore of Ger- 
man Lorraine but even the share that remained to France in the 
field of Briey and Longwy, 

He then acknowledges the absolute deficiency of France in coal and 
calls attention to the fact that her reserA es are far surpassed by those 
of England, Belgium, and Holland. He discounts as impractical the 
possibility of further important reserves being found beneath the 
Paris basin and he disposes of France's water power as an inade- 
quate substitute in addition to the fact that the electrometallurgy of 
iron is not yet available for any but special purposes. He, therefore, 
states that France is dependent for necessary coal upon the approach- 
ing treaty. The production of Belgium is not sufficient to supply the 
deficit, and importation from England would not be profitable. He 
will not allow that France should be relegated, for lack of sufficient 
raw materials, to the position of a manufacturer of only highly re- 
fined and specialized finished products, justly contending that she has 
shown in the past war that she is far from being in the position of a 
dying nation that must be sustained by unnatural and selected 
industries. He claims on the contrary that she is entitled in return 
for her noble efibrts to sustain herself against invasion to have a cer- 
tain reparation for the injuries that have been dealt to her by nature 
in her scant endowment of mineral wealth. 

He demands therefore the restitution to France of Alsace-Lor- 
raine witli her annual output of 21,000.000 metric tons of iron ore, to- 
gether with the Saare basin and its annual output of 17.500,000 metric 
tons of coal and complete freedom to utilize the ore so acquired. 

He then proceeds to examine what would be the situation if France 
in order to paralyze the iron and steel industries of Germany should 
refuse to export her iron ore to the Germans. The pre-war produc- 
tion of iron ore in French Lorraine was 19,500,000 metric tons and 
her exports 8,000,000 tons. By add ing to this tlie 21,000.000 of 

DeLaunay, L., “ France^Aneruagae.” Librairio Armaad CUlQ. raris. 1I)L7, 
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German Lorraine France would have at her disposal 40,500,000 tons 
of ore, as opposed to 11,500,000 which she smelted in 1013. For the 
additional ore almost 31,000,000 tons of coal would be required, if 
5,000,000 tons of ore were exported to Belgium and Plollaad. The 
1913 production of France in coal was 41,000,000 metric tons and her 
consumption, according to De Launav, was 62,000,000 tons, leaving a 
deficit of 21,000,000 tons. The requirements of the numerous blast 
furnaces already in operation in German Lorraine would bring this 
deficit up to 52,000,000 or 53,000,000 tons. The annexation of 17,- 
500,000 tons of coal in the Saare basin would still leaA^e about 36,- 
000,000 to be supplied. Out of 21,000,000 tons imported in 1913, 
10,000:000 came from Great Britain and 4,000,000 from Belgium, the 
remaining 7,000,000 chiefiy from Germany. 

De Launay contends that neither Great Britain nor Belgium could 
furnish much more than her pre-war quota because of the insufficient 
supply of Belgium and the difficulties attendant upon the long haiil 
from England to the Lorraine furnaces. It would be necessary then 
to purchase about 22,000,000 tons of coal from Germany and he in- 
sists that the elimination of commercial relations with Germany is 
out of the question. 

France is face to face with the problem of eitlier exporting ore 
from inability to smelt or of buying coal and coke from Germany 
and maintaining her furnaces at the risk of overproduction or else of 
closing her mines. In other words, France would then be contend- 
ing with the problem that beset Germany during the years of her 
phenomenal industrial rise, only with this difference, that whereas 
Germany had a great temptation to overproduction with her richness 
of combustibles, France has to go abroad to search for the means of 
maintaining her furnace output. De Launay does not take kindly 
to the idea of restricting iiiine output, for, although he acknowledges 
that there are advantages in holding reserve^, lie also maintains that 
the progress of metallurgy may, in a comparatively short time, dis- 
place these phosphorus ores of Lorraiuc for some other type such 
as siliceous or arsenical iron ore. He advocates tlie exportation of 
ore on a reciprocity basis to Great Britain. But he acknowdedges 
that this w ould not dispose of the large stocks of iron (Jre that France 
would have to offer. 

France must sell iron ore to Germany, provided that she receives 
in exchange for it the coal that she retjiiires. This exchange should 
be made under favorable conditions sucli as those assured to Germany 
by the treaty of Frankfort in connection with the textile industries 
of Alsace. The peaceful interchange of commodities should not 
begin until after a period during wdiich Germany should * furnish 
France wdth coal without compensation and during wdiich the exports 
of F rench iron ore should be completely closed to Germany in order 
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to paralyze certain German factories before they could revert from 
a war to a peace basis of production. He would, moreover, reserve 
to Ph'ance the right to place at all times in the future such em- 
bargoes on ex 2 )orts to Germany as she might deem necessary in order 
to jirevent the recurrence of w^ar. 

De Launay is not blind to the fact that the ultimate disposition 
of Alsace-Lorraine is complicated by the German nationality of 
one jjart of her j^eojile. Moreover, he appreciates the domination 
of German interests in the iron and salt syndicates, etc., and he 
realizes that even if it were possible to rid these institutions of their 
German domination they would still be controlled not by French 
but by various foreigners, Swiss, Swedes, and the naturalized Ameri- 
can Jews of Frankfort. The suggested solution of this problem is 
the expropriation of the German inhabitants of Alsace-Lorraine. 
The industrial syndicates are to be combined into a syndicate of the 
Gewerkschaft or localized type, as opposed to the Gesellschaft or 
imperial tyjie. That is to say, they are localized under one con- 
trolling power only exercised in xVlsace-Lorraine. The directors and 
stockholders of these new companies are to be entirely French or 
members of allied nations. In order to enforce, this the stock is to 
be all registered. He acknowledges that in spite of these safeguards 
it is likely the Germans will obtain a surreptitious hold upon the ad- 
ministration through factitious shareholders. It would not be likely, 
however, that Germans could continue to exercise such a complicated 
and costly method of supervision in Alsatian affairs. It is more 
probable that they would retire and construct new factories in the 
Ruhr district. 

In conclusion De Launay insists that without coal France can not 
handle the increased iron and steel industries consequent upon the 
annexation of Alsace-Lorraine, that the necessary coal can not be 
obtained at sufficiently low price from Great Britain on account of 
transportation cost, that the factories of France could not work up 
the crude products of the Lorraine ores, and that the raw materials 
would necessarily continue to be ex2)orted to Germany. In case they 
are sent to Germany, subject to customs duties, the iron and steel 
of Lorraine would not compete with the products of the Luxemburg 
furnaces, which pay no duties. He, therefore, stipulates that the 
portion of the iron and steel output which was formerly absorbed 
by the German market should be admitted to Germany duty free. 
He also warns his readers that the German iron and steel industries 
will never be extinguished so long as they have access to the foreign 
ores of Sweden and so long as they exercise control over the Duchy 
of Luxemburg. 
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A note of warning is sounded by Dr. C. W. MacFarlane ^ in “ The 
Economic Basis of an Enduring Peace ” published in 1918. He goes 
further than De Launay and suggests the expropriation of the coal 
fields of Westphalia in order to secure to France the necessaiy fuel 
for her industries. He disposes of the problem of the assimilation of 
the German people of Westphalia by stating that France is more 
successful in dealing with her colonies than Germany and he claims 
that the German population would be contented to become citizens 
of an industrial republic rather than o^f an absolute monarchy. 
Whether these reasons would be sufficient to insure the suc- 
cessful assimilation into France of a population more essentially 
German than Alsace-Lorraine is French is a matter of some doubt, 
but he realizes that by depriving Germany of 75 per cent of her avail- 
able supply of iron ore and by assigning to France 60 per cent of 
German coal in the district of Westphalia we would completely wreck 
Germany as an industrial power. He therefore proposes to turn over 
to Germany the control of Turkey in Asia, in order that she may 
rehabilitate her iron and steel industries with the high-grade mag- 
netites of Asia Minor. This solution of the difficulty with its neces- 
sary concomitant of an all-rail route between Germany and Asia 
Minor, with a tunnel under the Bosphorus, and a proposed federated 
Balkan State under international guaranty, will not appeal to the 
many people who conceive that the increasing participation of Ger- 
many in near eastern affairs is already a distinct menace. And if it 
has proved impossible to assure the integrity of a nation like 
Belgium, which is a well established unity, we may be pardoned for 
declining to assume the responsibility of welding the seething Balkan 
turmoil into any sort of federated State under di\ international 
guaranty. Nevertheless, MacFarlane 's book serves a needed purpose 
by pointing out what we are liable to forget in our natural desire 
to see the industries of France placed upon a stable basis — namely, 
that by depriving Germany of practically all her iron and by annex- 
ing to France so much of German coal that there slrall be no commer- 
cial interdependence between France and Germany, we are transfer- 
ring the predominance of industrial power from Germany to France. 
In fact, we would transfer it to such good effect that we would rele- 
gate Germany to a position of industrial impotence at the same time 
that we placed an undue industrial supremacy in the hands of FVance, 
who would then control by her production two and a half times as 
much iron ore as Great Britain, and almost six times as much as 
Germany. Such a situation would not be entirely free from danger 
to the future peace of Europe. 

Tungsten, — ^Through French sources have come various interesting 
ideas for the post-war disposition of other minerals less important 

^ WarFarlanp, C. W.. “The Eronoinic Basis of an KndurinK Peace,” (leo. W, Jacobs & 
Co, Phiiaaelphia, 1918. 
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than iron and coal. It is unfortunate that we have received so far 
no information concerning their ideas on the subject of copper, lead, 
and zinc. Great hopes are entertained the French Government 
for a post-war tungsten industry that would lie chiefly in the hands 
of the Allies. The position of the ferrotungsten industry before the 
war was one of the most striking examples of Germany’s industrial 
domination of a raw material in which she is herself essentially 
lacking. In 1913 Germany produced only about 1 per cent of the 
worlds output of tungsten ore reckoned in terms of 60 per cent 
tungstic acid. Yet through her imports she controlled over GO per 
cent, of the world’s output. Great Britain, including her possessions, 
produced 37 per cent of the world's output, yet she was dependent 
entirely upon Germany not only for ferrotungsten, but also for her 
tungsten steel tools, which even though purchased through English 
firms were derived from German manufacturers. France's produc- 
tion of 1913 amounted to 2 per cent of the world’s output, and in 
addition to this she controlled the production of the French mine of 
Borralha in Portugal, and possessed an interest in the Bolivian 
enterprises. Owing to her development of water power she had a 
pre-war production of ferrotungsten, though it is certain that she 
was not at that time in a position to compete with the German 
market of ferro alloys, still less with their output of high-speed 
tools. Her comparative poverty in this respect is shown by the 
statement in La Metallurgia for April 30, 1918, that her consumption 
of ferrotungsten had increased from 250 to 1.800 tons as the result 
of the war. The suggestion is made that in the future tungsten ore 
should only be sold to Germany at very high price in order to main- 
tain the high price of tooF. On account of the difficulty of success- 
fully concentrating the tungsten business on a financially profitable 
basis it is suggested that the tin and tungsten industries might be 
organized into a combination which would increase the power of the 
Allies in the Bolivian field, at the same time frustrating the activities 
of Germany in that respect. 

The English ferro imlustrv has reached such a point that after 
tlie war it will be able to handle all the British production of 
molybdenum, which is nearly one-third of the world’s output. From 
French sources comes the suggestion that the four French ferro 
producers can, by reason of their cheap water power, handle all the 
tungsten or molybdenum which the British might find difficult to 
dispose, of on account of the high cost of prodiuTion in times of 
peace. 

V ana (Hum and uranium . — Owing to the American control of the 
vanadium output, the American Afetal ('ompany will become the 
center for a combination which should dispose of the world’s supply 
of vanadium in such a way as to eliminate Germany’s participation in 
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the ferro-vanadiuiu business and to relegate her manufactures requir- 
ing vanadium steel to an unimportant position. Since the United 
States is the principal producer of uranium ores it would seem possi- 
ble to combine the management of the vanadium and uranium output 
so as to place the uranium business on a self-supporting basis, not 
dependent upon state assistance, which is an artificial way of sus- 
taining an industry. On account of the possibility that German 
reser\^s of uranium may be increased by further exploitation the 
French writers urge upon the Allies the necessity for vigorously 
pursuing their efforts to keep the monopoly of these ores in their 
own hands. 

Aiitunomj . — Although it might seem at first sight that the con- 
trol of the antimony market would lie in the hands of the Allies 
on account of the fact that most of China’s production is treated in 
the smelters of England, France, and Belgium, yet the fact that 
in January, 1917, the Central Powers no longer showed evidences 
of the antimony shortage from which they suffered at the beginning 
of the war would indicate that they had succeeded in increasing 
their resources to a considerable extent, doubtless by exploitation 
of the Turkish deposits. It is, therefore, probable that after the 
war they would be self-sufficient for the small peace-time require- 
ments of antimony. 

Tin , — In regard to the tin industry, which has hitherto reniained 
almost exclusively under the domination of the Metallgesellschaft 
and the Dutch market which handles one-sixth of the world’s pro- 
duction, French writers indicate the necessity of organizing the 
interests of the Allies and of those neutrals who are outside of the 
sphere of German interests. The British Empire is the principal 
producer of tin and her enterprises are becoming gi^a dually more 
coherent while she is ridding herself of the dominant Anglo -Holland 
interests. It is easy for her to increase her production, to extend 
her smelters in the British East Indies, and" also to establish in 
Australia a hold which should stamp out growing German influence 
in that country. She would in time be able to dominate the mines 
of Siam by extension of her interest in the Mala^^ Peninsula. 
Bolivian mines should be carefully protected from German influ- 
ences, The Fren(‘h industry should be stimulated. Belgium might 
readily enter the field of the smelting, and the United States occu- 
pies a position of growing importance on account of her de-tinning 
industry. The Allies could easily recover from tinplate scrap^ in 
English, French, and Italian works enough to supply all their 
needs in tin chloride, and in addition have forty to fifty thousand 
tons of steel available for use by re-fusion. 

Phosphates . — As far as phosphates are concerned the Allies have 
a virtual monopoly of the situation on account of the large produc- 
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tion of the United States and of the French poSvsessions in northern 
Africa. The principal German sources of supply formerly lay in 
the Marshall Islands and in the phosphatic slags furnished by the 
basic iron industry of Lorraine. The latter source will be transferred 
to the French with the accession of Alsace-Lorraine and the output 
of the Marshall Islands is now controlled by an English company 
which finds its market chiefly in Japan and Australia. Germany 
might find a supply in the guanos of South America. The Peruvian 
deposits are however controlled by an English company and the 
guanos of Oceania are in the French or British islands, so that the 
only deposits available for Germany are those of the Patagonian 
coast of the Argentine Republic, whose output amounted to only 
28,000 tons in 1913. Bone phosphate and phosphate extracted from 
animal refuse is a considerable industry in Germany and a prominent 
company for the production of chemical fertilizers in Paris was 
under German supervision, a fact that is noted by the French as 
requiring action on the part of the French Government. In general 
the phosphate apportionment is susceptible of easy regulation from 
the Allied point of view and it could well be fixed by an interallied 
committee for the apportioning of raw materials. Such a committee 
would watch not only over the exports from various producing 
countries but also over the imports into Germany. The danger of 
overproduction in France from her natural phosphates and from her 
increased output of basic slag would be small even if her produc- 
tion did not find a market in Germany. The agiuculture of France 
after a long period of inaction and devastation will require an in- 
tensive fertilization similar to that of Belgium, which employs 380 
kilograms of superphosphate per hectare of cultivated land, as 
against 83 kilograms per hectare employed by France before the war. 
The consumption of phosphatic fertilizer in France could readily be 
increased by a judicious propaganda launched by the producers. A 
reduction in the sup])ly of plmsphate to the Central Powers would 
greatly decrease the sugar l)eets in Germany, thereby reducing ap- 
pre<‘iably her export of sugar. 

fOXCLUSIONS. 

The various suggestions proposed are interesting possibilities for 
the post-war regulation of mineral distribution. In the present 
emergency while France is exhausted by her long struggle, practi- 
cally depleted of man power, devastated in her own industries and 
in those that are to be acquired in Alsace-Lorraine, some such ap- 
pointment of output as that outlined above is not only advisable 
but absolutely essential. ♦ 

We must now furnish the necessary handicap to German industry 
that will allow sufficient time for France to rise to the industrial 
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prominence made possible by her own acquisitions of iron and coal. 
Nevertheless, in dealing with a situation that is obviously abnormal 
it is not well to shut our eyee to the fact that a healthy and normal 
condition of international industry will always be governed to a 
large extent by the natural laws of supply and demand. To be 
stable the international balance of power must be in approximate 
equilibrium. Forewarned by the past, let us realize that in the 
industrial struggle which is a necessary part of the great struggle 
for existence no one can reach supremacy except by constant untiring 
effort. We must prevent Germany from becoming the dominant 
industrial market of the world, but the desired result should be 
attained not so much by choking German industry at its sources as by 
fostering and sustaining our own neglected industries until they reach 
a point where they can successfully compete with Germany in her 
own field. An outlaw nation in our midst will be a poor guarantee 
of future harmony. Let us stifle the military despotism of Ger- 
many, let us safeguard the revitalized industry of Franpe, and let 
us quicken the erstwliile sluggish industries of Great Britain, 
then let us hope for a time when the great nations of the earth 
may indeed represent a true partnership banded together for common 
welfare. Wise men say that out of great wars come, along with de- 
struction and devastation, great advantages to the human race. 
To-day while we yet stand only in the faint glimmerings of the dawn, 
it is hard to believe that out of evil comes good. Yet if the world 
shall have been able to realize^ not only the cruelty and barbarism 
to which she refused to bow, but also the faults and short-sighted- 
ness by which many nations are in some sense responsible for allow- 
ing such a gigantic catastrophe to come to pass, and if each indi- 
vidual nation shall come to realize that she owes both to herself 
and to the world to fully develop her resources and her efficiency, 
not selfishly in order that she may swell her own power to the 
extermination of industrial development in other nations, but gen- 
erously so that each nation may fulfil the share of human welfare 
imposed upon her by Nature, then and then only will the Great War 
bring forth lasting good to humanity. 




REPTILE RECONSTRUCTIONS IN THE UNITED 
STATES NATIONAL MUSEUM. 


By Charles W. Gilmore, 

Associate Curator of Paleontologif, Vnited States National Musenm, 


[With C phites,] 

A few million years before the Kocky Mountains were born and 
w^hen that region was a land of lakes, rivers, and luxuriant vegeta- 
tion, it was inhabited by a race of strange reptiles, upon whom 
science has bestowed the appropriate name dinosaurs or terrible 
lizards. 

Some of these dinosaurs were the largest animals that ever walked 
the earth and some were very small. They differed greatly in size, 
shape, structure, and habits. Some were plant eaters; others fed on 
flesh. Some walked on four feet ; others with small weak fore limbs 
walked upon the strongly developed hind legs. Some had reptile- 
like feet ; others were bird- footed. Some had toes provided with 
long sharp claws; others had flattened hoof-like nails. There Avere 
dinosaurs with small heads and others with large heads. Some Avere 
large and cumbersome ; others were small, light, and graceful and so 
much resembled birds in their structure that only the skilled anato- 
mist is able to distinguish their fossil remains. Some of large size 
were clad in coats of bony armor, which gaA^e them a most bizarre 
appearance. 

The fossil remains of many of these various kinds of dinosaurs 
are noAv on public exhibition in the United States National ^fuseum, 
and it is the purpose of the present article to describe some of the 
more interesting features of a few of these great brutes. 

The first skeleton of a dinosaur to be displayed in the United States 
Xational Museum was that of Ti^achodon annectens (Marsh), popu- 
larly known as the Duck-billed dinosaur because of the general re- 
semblance of the Avidely expanded nose to the bill of that bird. It 
Avas mounted in 1903. 

It was one of tAvo nearly complete specimens obtained many years 
ago (1891) on Lance Creek, Xiobrara County, Wyoming. The com- 
pleteness of the specimen is due to the fact that the animal after 
death Avas (juic-kly covered Avith sand, and before decomposition 
had set in. The result being that the bones remained articulated, 
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the ribs attached to their respective vertebrae, and the great thigh 
bgnes remaining in their sockets, tlie legs being retained in a walking 
position as shown in the reproduction of the mounted skeleton. 

Unfortunately the wearing away of the inclosing sandstone in 
which the skeleton was embedded had exposed some of the bones and 
portions of them had been damaged prior to its discovery. This 
refers especially to the front half of the skull, which had entirely 
weathered away. This has been restored from another more perfect 
skull, as have other minor parts of the skeleton which were missing. 
The skeleton is 26 feet 4 inches long; 11 feet 6 inches higli from the 
base to the top of the head, and 8 feet 2 inches to the top of the 
hips. The skull is 3 feet 5 inches long; the thigh bone 3 feet 4 inches, 
while the track of this animal would have been about 21 inches in 
length and breadth. This is not the largest individual of its kind, 
there being several known skeletons that reach a length of 30 and 
more feet. 

One of the most remarkable features of this great brute is the set 
of teeth with which the jaws were so well provided. In one respect 
these reptiles are much better off than the human being, in that as a 
tooth is worn out or lost it is replaced at once by another pushing up 
from beneath. Each jawbone has from 45 to GO rows, and from 10 
to 14 teeth in each vertical row, one above tlie other, the entire series 
moving slowly upward, and new germ teeth continually forming at 
the base to supply those vorn awa^" at the top. Thus it will be seen 
by a simple computation that there were over 2,000 separate teeth 
in the mouth of one individual. 

The broad duck-like beak in life was proliably covered with a 
homy sheath, as in birds and turtles of to-day, and admirably suited 
to the pulling up of rushes and other water i)lants, for tliis great 
creature was a herbivorous or plant-eating animal. That Tracho- 
don. was water-living is indicated by the we])bed lingers of the fore 
feet and the long, deep latterly compressed tail, a most efficient 
swimming organ and equally useful as a counterbalance to the 
weight of the body when stripling around on the hind legs on the 
land. Specimens have been found showing impressions of the skin 
covering, from which it has been learned that the animal was cov- 
ered with a thin epidermis made up of tubercles of two sizes, the 
larger ones, as has been pointed out by Prof. Henry F. Osborn, pre- 
dominating on surfaces exposed to the sun. 

In the lower figure of plate 1 is a model restoration by the writer 
based so far as the proportions go on the mounted skeleton shown 
in the upper figure. The skin pattern is based with modifications 
on the published description of the wonderfully preserved mummi- 
fied carcass of Tmclwdori in the American :Miiseum of Natural His- 
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torjL New York, which has been so well described by Professor 
Osborn, and which has considerable portions of the skin areas pre- 
served. 

There lived at the same time with the Traehodon described above 
the horned dinosaur {TrireratopH)^ the largest headed land animal 
the world has ever known. In plate 2 is shown a skeleton of one 
of these animals in the United States National Museum, mounted in 
1904, and to this day the only skeleton of Triceratops in the world 
to be thus exlubited. It is known as a composite skeleton — that is, 
made up of the bones of more than one specimen, though the greater 
part of the skeleton pertains to one individual. These specimens 
were collected by the late J. B. Hatcher in the northern part of 
Niobrara County, Wyoming, a region fixmi which he obtained the 
skulls and other skeletal parts of more than 40 individuals. 

From the tip of the beak to the end of the tail, the Tnceratops 
is 19 feet 8 inches in length, and in front of the hips is 8 feet 2 
inches in height. The skull is 6 feet long, or nearly one-third the 
total length of the animal, and it is not an exceptionally large one, 
for skulls are known that measure 9 feet in length. Although the 
largest headed dinosaur, the brain of this creature is relativel}^ 
smaller than in any knowm animal when the great size of the skull 
is taken into consideration. 

That Trlcenitops was a fighter and often engaged in combat ap- 
pears to be shown by the broken bones that are frequently found 
which have healed in life. xV pair of horn cores in the National 
Museum bear mute witness to such an encounter. That one w as 
broken off in life is evident from the fact that the stump had 
rounded over and healed, while the size of the remaining horn 
show^s the animal to have reached a ripe old age. 

The feeding habits of Trlcepatops w’ere manifestly plant eating, 
as indicated by the tooth structure, the food probably being leaves 
and branches of low^ trees and shrubs. Hatcher^ has pictured this 
country at the time these animals lived as being made up of vast 
swamps w ith wdde watercourses that wei'e constantly shifting tlieir 
channels, the whole presenting an appearance similar to that wdiich 
now exists in the interior of the Everglades of Florida. The entire 
region, where the waters were not too deep, wuis covered by an 
abundant vegetation and inhabited by these huge dinosaurs, as w ell 
as by the smaller crocodiles, alligators, turtles, and diminutive 
mammals, all of whose fossil remains are now found embedded in 
the deposits of that geological period. 

The life appearance of Trievratops has been depicted by numerous 
paintings and several model restorations. In all of these the skin 
has been showm as smooth and leathery, but the discovery in recent 
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years of specimens having impressions of the skin preserved shows 
it to be made up of a series of nonimbricating scales. 

The accompanying photographic reproduction (pi. 2. fig. 2) made 
of a recently prepared model restoration aims to embody all of the 
evidence of recent discoveries. Primarily it is based on the mounted 
skeleton shown in the figure above, and was made to a scale of one- 
fourteenth the linear dimensions of the original skeleton. 

The nonimbricating, scale- like texture of the skin as represented in 
the model is based with modifications on skin impressions in the col- 
lections of the Geological Survey of Canada, at Ottawa; and al- 
though these impressions belong to one of the more primitive Cera- 
topsians it does not appear unreasonable to expect that all of the 
horned dinosaurs had a scaled integument, though the pattern of the 
scales probably varied considerably in the different genera. While 
future discovery will undoubtedly show the incorrectness of many 
features of this restoration, it at least graphically portrays some of 
the discoveries made during the past decade, and which have led to a 
much better understanding of the life appearance of these huge- 
headed, long extinct reptiles. 

During the same geological period that the Trachodon and Tri- 
cemtops lived there were many other and smaller kinds of dino- 
saurs. A skeleton of one of these, now in the National Museum, is 
shown in plate 3. This was collected in Wyoming in 1891, and it 
was in the nature of a surprise upon cleaning the rock from the bones 
in 1914 to find that it represented a dinosaur new to science. It was, 
therefore, found necessary to give it a name, and the name Thes- 
celosaums neglcctus was coined for that purpose, the last or specific 
name being suggested by the seeming neglect on the part of those in 
charge of this beautiful specimen which had remained in the original 
packing boxes for 23 years after it was first discovered. 

1 he value of a fossil is considerably enhanced Avhen it happens 
to be one to which a new name is first given, for it ever after re- 
mains the standard for comparison by which others of its kind are 
identified. Such a specimen is called a type, and the greater the 
number of types in a collection of fossils, usually the gieater its 
scientific importance. 

The skeleton as liere shown in the reproduction occupies relatively 
the same position as when found in the rock. The head and neck 
are missing, as are some few parts of other bones, as shown ])y the 
light-colored areas in the picture. 

The importance of preserving articulated dinosaurian specimens 
in their original positions in the matrix can not be too highly 
estimated, particularly where they give positive information"^ as 
in the present instance, relating to the proper articulation and angu- 
lation of the feet and limbs. Unlike the mammals, the articular 
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surfaces in the dinosaurs are usually poorly defined, and afiFord lit- 
tle evidence concerning the exact manner of articulation of bones 
found detached and misplaced. For this reason any information 
conveyed by the finding of an articulated specimen with bones in 
sequential position in the rock is more to be relied upon than any 
number of expert opinions. As a rule specimens so exhibited also 
hold the attention of the average museum visitor far longer and 
arouse a keener interest in the genuineness of the specimens than does 
a skeleton that has been freed from the rock and mounted in an 
upright lifelike posture. 

To the layman the type of Thescdosctums jiegJectus is of interest 
as showing the skeleton in the same position as when covered up 
millions of years ago; and to the vertebrate paleontologists it will 
long remain a standard for interpreting and coordinating the scat- 
tered and isolated parts of others of its kind. 

In life this animal was about 12 feet in length and evidently strong 
and agile in movement. The tail was long, equaling one-half the 
entire length of the skeleton, which served as a balancing organ 
when the upright bipedal posture was assumed. In rapid locomo- 
tion Thescelosaurtis doubtless progressed entirely upon its hind legs, 
as do many of our living lizards, the short fore limbs being used 
for sustaining the fore part of the body when feeding from the 
ground. 

While the head is unknown the resemblance of the skeleton to other 
well-known dinosaurs indicates that it was in all probability a plant 
eater. The foot structure would imply that it was more of an upland 
animal rather than an inhabitant of swampy areas. 

In modeling the restoration shown in plate 3, the missing head 
and neck were restored from a closely related form in which these 
parts are known. In this model an attempt has been made to ex- 
press the light, agile nature of Thescelosauru^s^ as is so clearly indi- 
cated by the skeleton and especially by the cursorial structure of the 
hind limbs. 

The animals briefly reviewed in the preceding pages all lived 
during the Upper Cretaceous geological period, estimated by the best 
authorities as being between 6,000,000 and 7,000,000 years ago. 
Dinosaurs, however, existed long before that time in what is known 
as the Upper Jurassic, and attention is now called to tyjiical repre- 
sentatives of the reptilian inhabitants of that period which is esti- 
mated to be 10,000,000 or more years old. 

One of the most interesting was the Stegosaums^ or plated lizard. 
They were by reason of their large size and ornate bony skin struc- 
tures the more striking and characteristic of the large reptilia that 
inhabited the Xorthern Hemisphere in those long past ages. It 
should be stated, however, that this family is not confined exclusively 
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to North America, for specimens have been found in England, 
France, and German East Africa that are but little unlike the 
American representatives. 

Quite recently (1917) there has been placed on exhibition in the 
mitsuem at Washington the skeleton of one of these curious beasts, 
shown here in plate 4, reproduced from a photograph. The skele- 
ton as mounted measures 14 feet 9 inches in length, and stands 
about 8 feet high from the ground to the top of the highest plate. 
It was discovered in southeastern Wyoming — a region long famous 
for the many and well-preserved fossil specimens found there. 
Although collected more than 80 years ago it has only recently been 
exhibited to the public. 

At present the origin of the family is not known, though it is now 
generally believed that they were descended from a bipedal ancestry, 
and that increasing bulk and development of the dermal armor 
caused them to lose celerity of movement, thus becoming sluggish, 
slow-moving creatures of low mentality. By measurement of the 
brain cavity in the skull of Stegosaurus it is found that the brain 
displaces but 56 cubic centimeters of water, with an estimated weight 
of about 2J ounces. This small organ directed the movements of the 
creatures, estimated to weigh several tons, whereas the average nor- 
mal human brain has a capacity of 900 cubic centimeters in a creature 
weighing from 130 to 150 pounds. 

The most remarkable feature of the nervous system of this great 
brute, however, is the enormous enlargement of the spinal cord in the 
sacral region, which has a mass of more than 20 times that of the 
puny brain. At best the intelligence of this animal was of the lowest 
order, hardly more than sufficient to direct the mere mechanical 
functions of life. Whereas the great horned dinosaurs, with skulls 
from 3 to 9 feet long, were the largest headed land animals the 
world has ever known, the stegosaurs are the smallest headed when 
the great bulk of the body is taken into consideration. The jaws are 
provided with a dentition made up of teeth so small and weak as to 
be always a source of wonder and conjecture as to the real character 
of their feeding habits. It would at least appear to indicate that 
their food consisted of the most succulent of terrestrial plants. 

The structure of the large broad feet suggest they were land 
haunting, doubtless of low swampy regions rather than the upland, 
and such an environment would be most suitable for furnishing the 
soft plant life necessary for their sustenance. 

In addition to the small bead and the great difference in the propor- 
tions of tlie fore and hind legs, the one most striking external fea- 
ture of Stegosaurus is the unusual development of the skin armor 
consisting, as it does, of two parallel rows of erect alternating bony 
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plates extending from back of the skull on either side of the mid- 
line of the back to the end of the tail, the tail being armed near the 
tip with two pairs of bony spikes or spines. There are also a con- 
siderable number of small rounded bony ossicles that in life were 
held in the skin and probably formed a mail-like protection to the 
head and neck. The primary purpose of this armor must have 
been for defense, protective to the extent of giving the animal a 
most formidable appearance rather than actually useful as a defen- 
sive instrument. 

While the fossil remains of these animals are not uncommon in 
our museums, they consist for the most part of scattered and dis- 
articulated bones. The one here figured is the only mounted skeleton 
of this animal in existence at the present time. 

In plate 4, is shown a model restoration of Stegosanms prepared 
by the writer and which portrays his conception of the life appear- 
ance of this animal. In this restoration is incorporated all of the 
latest evidence relating to its external appearance, and is thought 
to give a fairly accurate picture of the living animal. The recent 
discoveries of skin impressions with the fossil remains of other 
dinosaurian specimens makes it not unreasonable to expect that 
Stegosaiimis had a scale-like integumentary covering, instead of the 
smooth elephant-like skin as here depicted. In the light of recent 
discoveries we may yet hope to have still more definite knowledge 
as to its true nature. 

That the sluggishly moving Strgomifrns had need for his bony 
skin protection is indicated by the presence in the same geological 
formation of large flesh-eating dinosaurs. One of the most striking 
of these, though not the largest, is the (^erafofi<i}f7nis^ a carnivorous 
animal with a large head, having jaws filled with rows of strong, 
sharp-pointed teeth, that were well adapted to the seizing of its 
prey and the subsequent tearing and rending of the flesh. One of 
the distinctive features of this animal is the presence on the nose of 
a single, well-developed horn, and it was this horn that suggested 
to Professor Marsh the name C rratosoiirm iicmcoy^ivs, meaning nose- 
horned saurian or lizard. 

The exceedingly small fore limbs armed with sharp claws were 
not at all adapted to walking purposes, so that progression must 
have been entirely upon the strong hind legs. 

This specimen was collected near Canon City, Colorado, during 
the years 1883 and 1884. The skeleton was found largely articu- 
lated in the rock, but many of the bones, especially the skull, have 
been greatly compressed and this flattening largely determined 
the selection of the bas-relief method of mounting it for exhibition, 
see plate a. The backbone stands out in bold relief from the orig- 
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inal sandstone matrix, but the greater part of the background was 
made of a mixture of sand and cement, that when chiseled gives 
so close an imitation of the original sandstone as to make it difficult 
to distinguish one from the other. 

The pose of the skeleton was determined by the position of 
the bones as originally found, and this remark applies especially 
to the left thigh bone, which was held by the rock in its proper 
position in the hip socket, which was directed backward at such an 
angle as to demand a walking stride. An attempt was therefore 
made to carry out the idea of a rapid walking motion and to make 
the other parts of the skeleton contribute to that effect. The long 
tail being raised clear of the ground acts as a counterpoise to balance 
the weight and compensate for the swaying of the body and fore- 
legs. 

The skeleton is 17 feet in length over all and about 5 feet high 
at the hips. There have been several life restorations made by vari- 
ous authorities; the latest done by the writer in 1915 showing his 
conception of the animal in the flesh is shown in plate 5. 

In order to graphically present its flesh-eating habits the animal 
was modeled completing the killing of a small herbivorous contempo- 
rary, Cani'ptosaums nanus, an animal which could very Avell have 
been the prey of this rapacious brute. On the other hand some 
authorities are inclined to consider Ceratosnimis to be a reptilian 
hyena that fed upon carrion: but, armed with teeth and claws such 
as they have, one can hardly belieie they were intended entirely in 
the interests of peace. 

We will now turn aside from the dinosaurs and in conclusion tell 
something about the Dlmetrodon^ one of the most striking and ex- 
traordinary forms of extinct reptilian life known from the North 
American Continent. Tn scientific circles this animal goes by the 
name of Dime trod on gig as, but is popularly known as the Giant 
Spined Reptile, in reference to the high spines developed along the 
median line of the back, as shown in plate 6. 

This specimen was found in northern Texas in the spring of 1917 
by the veteran collector of fossils, Mr. Charles H. Sternberg, and 
acquired from him for the national collections. It is the most per- 
fect skeleton of its kind known at this time and is the first one to 
be exhibited as a free mount, there being no less than three others 
elsewhere mounted in bas-relief. There were many difficult mechani- 
cal problems embodied in the mounting of a skeleton of such fragile 
proportions, but the success of the undertaking may be best judged 
by an examination of the plmtograpliic reproduction of the skeleton 
here shown. An idea of the painstaking care required in fittinsr to- 
gether the broken pieces of bone, cleaning off the adhering rock, re- 
storing missing parts, and articulating and mounting the bones may 
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be gleaned from the fact that 18 months of steady labor of one man 
was devoted to this specimen from the time it was received at the 
museum until ready for exhibition to the public. The pose adopted 
is one suggested by a careful study of living lizards, and is an atti- 
tude often assumed by those land forms of the j)resent day when 
slightly irritated — that is, with the front of the body raised from 
the ground, the rear portion lowered with hind legs spread out, 
head raised, with jaws open, showing the row^s of strong, slightly re- 
curved teeth, as if angrily defying some one who had suddenly 
blocked his path. 

Aside from the large head and strong short limbs, the most 
striking feature of Dim'efrodon is the high dorsal fin along the ])ack, 
formed by the lengthening of the neural spines of the vertebrae. 
These range in length from 6 inches on the neck to over 3 J feet above 
the center of the back, where they reach their maximum develop- 
ment, becoming successively shorter as the tail is approached. That 
in life these tall spinous processes were united by a thin membrane 
of scaled skin there is little doubt. The foreign savants. Professors 
Abel and Jaekel, are disposed to think the spines were covered by 
skin, but not connected, but this seems highly improbable. 

The one living lizard which appears to throw some light on the so- 
lution of this problem, and which is very remotely related to Dime- 
trodon is Basllkcus plumijroiifi from tropical America. The crest on 
the back shown in the inset in plate 6, though not so high or extensive 
as in Dhnetrodan. is nevertheless supported by the elongated spinous 
processes of the vertebrae and these bear a striking resemblance to the 
crest of the extinct form. In general appearance all of the basilisks, 
of which there are several species, suggest the idea of lizards upon 
whose backs has been grafted a fish's fin, and it seems that in this 
animal we have the best suggestion of the probable appearance in life 
of the l>umtrodo}i fin or crest along the back. 

In trying to account for some practical use for this unusual ap- 
pendage it has been suggested that it may have resembled some of the 
ancient vegetation and thus served to conceal the animal as it lay in 
wait for its prey or for better concealment from its enemies. Pro- 
fessor Case, the acknowledged authority on the Permian reptiles, says 
of these : 

The elongate spines were useless, so far as I can imagine, and I have been 
puzzling over them for several years. It is impossible to conceive of th(‘m as 
useful either for defense or conrealment, or in any other way than as a grent 
burden to the ereatures xhut bore them. 1'hey must have been a nuisance in 
getting througli the \egetation and a great drain upnn the erea fare’s virality. 
both to develoi> tliein and to keep them in repair. The genus succeeiled despite 
of them, or perished because of them. 
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That Dimetrodon was a carnivorous animal is clearly indicated by 
the powerful incisor and maxillary teeth which are admirably 
adapted for seizing and holding an active struggling prey. It is not 
probable that with his short bowed legs and heavy body he was ever 
capable of running fast or for long distances, hut was certainly able 
to move swiftly for a short space, and thus from where he lay hid- 
den in the vegetation made short, scuttling rushes upon his prey, end- 
ing possibly with a short pounce which permitted his weight to add 
something to the vigor of the attack by tooth and claw. 

The edges of pools ay ere 2 >robably tlie regions most densely popu- 
lated by the varied aiiqdiibiau and rei^tiliaii forms of the Permian 
period, and no doubt such 2:>laces Avere favorite haunts of the Dime' 
trod on. 

The Xational Museum skeleton has a length of about 7 feet, and 
from the base to the top of the highest sj^iiie measures 5 feet C inches, 
and while this is the largest sjDCcies of its kind single individuals 
probably reached greater dimensions. 

In plate 6 is sIioaa n a photograph of the restoration of Dimefrodo-n 
gig OH ba^ed on the mounted skeleton and AAliich sIioaa’^s the latest con- 
ception of the probable life appearance of this creature. 
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Fig. 2. — Restoration of Trachodon annectens (Marsh), 

Modeled by Chaxles W. tliimon*, 
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Fig. 2. — Restoration of Triceratops elatus Marsh. 

Mode It ‘U by Charles AT. Calm ore, 1015, 
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Plate 3. 



Fig. i. — S keleton of Thescelosaurus neglectus Gilmore. 



Fig. 2. — Restoration of Thescelosaurus neglectus Gilmore. 
Modeled by Clmrleb Gilmore, i'Jlo. 
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Plate 4, 



Fig. 2. — RESTORATION OF Stegosaurus stenops Marsh. 

Modeled by Cliorka W. Crilmorc, 1‘Jlo. 






Smithsonian Report, 1918. — Gilmore. 


Plate 5. 




Fig. 2. — Restoration of Ceratosaurus nasicornis Marsh. 

Moduled by Clujk'b W. (iilmorr, lulu. 




Fig. 2.— Restoration of Dimetrodon gigas Cope, Inset: Basiliscus plumi- 
FRONS, A Living Lizard. 

Modt’lud by Churius \V. Gilmoa, 191S. 





A PLEISTOCENE CAVE DEPOSIT OP WESTERN 

MARYLAND. 


By J. W. (.hDiA:Y^ 

^ssistayit Curator of Foasil Mammals, United States National Museum, 


[With C pUitos.l 

Caves are known in almost all portions of the globe. They usu- 
ally occur in the softer rock formations of the nature of g^^psiim, 
sandstone, and particularly limestone. The peculiar nature of lime- 
stone, which is usually hard enough to be very resistant, but is slowly 
soluble in the presence of certain acids taken from the air by falling 
rain, make it especially susceptible to the development of under- 
ground caverns. These sometimes attain enormous size and usually 
follow the general lines of stratification or some fault or fissure 
where surface waters may find more ready access. Thus in limestone 
regions caverns, or caves both small and large, are likely to abound, 
and in certain localities occur in gi^eat numbers. Cave deposits con- 
taining bones of extinct animals, however, are comparatively rare in 
America, and their discovery, through the very nature of their oc- 
currence, is usually purely accidental. It was through one of these 
accidents that such a cave deposit v, as discovered a few years ago in 
the vicinity of Cumberland, Maryland. 

In the spring of 1912 there was brought to the United States 
National Museum, for inspection and determination, a portion of a 
longer jaw recognized as belonging to an extinct and hitherto un- 
known species of the wolf kind, together with a few other fossil 
bones which had been picked up from the bottom of a newly exca- 
vated railroad cut about I miles northwest of the city of Cumber- 
land, Maryland. These specimens had been sent in and were after- 
wards presented by Mr. Raymond Armbruster, a local amateur 
collector of Cumberland, and his uncle Mr. George Roeder, of Swet- 
nan, Virginia. The fossils at once aroused interest, and on invita- 
tion of these gentlemen, who reported good prospects of obtaining 
more such specimens from this recent excavation, a personal inspec- 
tion was made. The cut is situated on the south side of Wills Creek 
Valley, where the tracks of the Western Maryland Railway pass 
westward through a low limestone ridge, or spur, to enter Cash 
Valley. The material from which the fossil bones had been taken 


281 



282 ANNUAL REPOKT S^IITHSOXIAX INSTITUTION", 1918. 


was found to be a true cave deposit, presenting a small exposure, or 
outcrop, at the base of the almost perpendicular southern wall of the 
cut which at this point is about 100 feet deepd 

This ]>reliminary examination revealed the fact that, while great 
quantities of the bone-bearing material had been blasted out and 
carried away by the steam shovel, there still remained a considerable 
mass which had not been disturbed and Avhich promised to be well 
worth a thorough exploration. Following the report of conditions 
and i^rospects to the museum authorities, a systematic excavation 
for the careful collecting of the fossil bones was undertaken. The 
deposit proved to be of considerable depth and extent, and very 
rich both in quantity and quality of fossils, which were exceedingly 
varied in kinds of animals represented. 

The work, begun in the spring of 1912, proceeded at intervals as 
the limited available funds permitted, and was not completed until 
the spring of 1915. A preliminary report of the results of the first 
two expeditions was published in August, 1913.^ At this time there 
had been recognized in the collection, 29 species distributed among 
6 orders of mammals. The work of the following two years yielded 
many more specimens, and among them were the best obtained at 
this locality. Incidentally these also added many new species to the 
list reported in 1913, so that the list now includes no less than -15 
distinct species or kinds of mammals referable to seven different 
orders. To these may be added a few species of reptiles, including 
two snakes, and a species of alligator or crocodile. The actual 
identity of the latter is not certain, since it is represented by only a 
single tooth. 

The mammals represented constitute a varied and, in some respects, 
strange assemblage. They range in size from a bat smaller than 
a house mouse to a mastodon which attained the size of an elephant. 
Probably none of these except the bats could properly be called 
cave living animal.^. Mo^t of the species are now extinct, although 
many of the extinct forms belong to present day genera,^ and doubt- 
less very closely resembled their living relatives. Among those 
animals referable to living genera are bats, shrews, squirrels, porcu- 
pines, ground hogs or woodchucks, field or pocket mice, wood rats, 
beavers, rabbits and picas, bears, wolves, lynx, wolverines, badgers. 


^ Tlio aocompiiTiyin^' fii'ure, pi. 2, pro.sont'^ a vi^>\v of tho location and immediate sur- 
roundinjj.s of this cave deposit as it app*'ared after a great part of the subsoquont exca- 
vating had been completed. It will be notf’d that here the rock ledges or strata have 
been tilted up by mountain folding to a degree at whi<*h they are standing almost directly 
on edge. A faint trace of peculiar weathering leading almost directly upward to the 
summit of the cliff evidently indicates the original opening of the cavern to the surface of 
the ground before the railroad cut was made. 


“(lidle^ • Prm'. V.S.X.M., vol. 4G (1014 l No. 2014, lOl.'!, pp. 0:i-102. 

®A genus is a natural group or assemblage of ■•.pecie.s having certain distinguishing 
t laracters in common. For example the genus Canis includes all the species or kinds of 
true wolves and dogs. 
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minks, martens, horse, tapir, deer, and possibly a large species of 
antelope, big as an ox, which seems to be closely related to the eland 
now living in Africa. The exact relations of this antelope, however, 
can not at present be stated Avith certainty, oAving to the fact that 
tAAO jaAvs, carrying the cheek-teeth and a feAV scattered teeth and 
foot bones constitute all the remains noAv knoAvn of it. These ditfer 
but slightly in character from the corresponding parts of the eland, 
w ith Avhich they w ere compared and this is Avhy it ay as provisionally 
referred to the xVfrican genus. A more complete knoAvledge of the 
American animal may show that it belonged to an unknoAvn group 
which is noAv extinct. Other extinct forms belonging to tw^o or pos- 
sibly three genera are related but are not ancestral to the living pec- 
caries. The peccaries of the present day are considerably smaller in 
size and are confined in their habitat to tropical and subtropical 
America. 

Many of the species in the collection are represented by bones 
of numerous indiA iduals. Some of these are recognized by only a 
feAV jaw fragments containing teeth: others by numerous bones, 
including more or less complete skulls, jaAvs and other parts of the 
skeleton; wdiile in all the assemblage only a single animal, and that 
belonging to one of the extinct species of peccaries, is represented 
by a nearly complete skeleton (see pi. G). 

Most of the big bones and skulls of the larger animals Avere found 
broken, and Avith feAV exceptions all bones Avere scattered and in- 
discriminately mixed throughout the mass of clay and cave breccia. 
This condition of deposition may be readily understood, wdien the 
character of the cavern as it formerly existed is studied. As al- 
ready stated the fossil-filled chamber, before the railroad cut ex- 
posing it to vicAV was made, reposed at a depth of at least ^100 feet 
beneath the surface of the ground, Avith Avhich it AAas connected by a 
small and more or less irregular opening leading almost directly up- 
ward, as indicated in the illustration, plate 2. This opening at 
the surface probably broadened out to form one of those depres- 
sions, or '‘sink holes,'’ so frequently found in limestone regions, and 
doubtless acted as a natural trap for animals roaming in its 
Aucinity, the cavern far beloAv being the receptacle for their bones 
AA^hen the skeletons had become sufficiently macerated to fall apart 
and continue their doAvnward journey through the small, irregular 
chimney-like opening. In this descent of a 100 feet or more it is 
quite evident Iioav these bones became so broken and separated. The 
accumulation Avas probably gradual, extending pos-^ibly over hun- 
dreds of years, and this time element, in part at least, Avould account 
for the indiscriminate mixing of the bones of so great a variety of 

1 Erosion hn^ doubtless <‘arri(‘d away many f.M*t of matn-ial from the suiimiit of the 
lidije since these animal remains became thus 4>utombed 
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totally unrelated animals, most of which M’ould not be found directly 
associated in life. 

A critical study of these fossil bones, thus accidentally brought to- 
gether and again accidentally discovered by man, unfolds a most 
interesting story of the mammalian life as it existed in the environs 
of western Maryland during some portion of the so-called ‘"Glacial 
Period/' or “ Ice Age.” It can not be assumed, however, that these 
45 or more species included in the Cumberland Cave collection rep- 
resent by any means all the different kinds of animals that lived in 
the locality at that particular period; for, it must be remembered, 
accident, as just stated, was the chief factor in the accumulation of 
this deposit, and doubtless many forms then inhabiting the region 
entirely escaped this pitfall and therefore left no record. Never* 
theless, could one, looking backward some 50,000 or 100,000 years to 
that time, see only those forms represented in this collection as they 
appeared in life, a remarkable assemblage of creatures would be 
presented : more remarkable, in fact, than a glance at the list enumer- 
ated might at first indicate. One would at once recognize among 
these animals of the Pleistocene times, as already intimated, certain 
species very like some of those either living in the vicinity to-day or 
which have lived there within the history of civilized man. Then 
many others would be seen to resemble living forms now only in- 
habiting very far-distant localities; while still others would appear 
differing from any animal living anywhere in the Avorld to-day. 

Among thobC resembling living or recently extinct species of the 
neighborhood would be included two or three forms of bats, a small 
shrew, a wood rat, two or three spedes of pocket mice, a woodchuck, 
a “yellow” porcupine, a rabbit, possibly a wolf or two, a black bear, 
and probably a deer of the Ahrginia or white-tail variety. Most 
conspicuous and probably the most interesting feature of this 
ancient fauna is the large numljcr of species which resembled pres- 
ent-day forms that are now known to inhabit only remote and, in 
some instances, very far separated localities. Among these may be 
especially noted the little coney rabbit, or picas, now confined in 
Xortli America to the highest peaks of the Roc*ky Mountains; the 
Canadian porcupine, restricted in range to the western United States 
and Canada: the wolverine, a strictly boreal or northern animal 
abundant in the Arctic regions and not known to range farther south 
than nortliern Massachusetts, New York, and Michigan: a bear of 
the gi'izzly group, not known in recent times to have extended its 
range east of the Great Plains States; a tapir, now confined to 
tropical zones: a horse, its kind in nature now confined entirely 
to the Old World: a certain species of bat now living in northern 
Mexico: and two or three species of wolves now living in the west- 
ern and northern regions of North America, and in Siberia. 
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In contemplating this list one must bear in mind that the fossil 
and living forms compared, with few exceptions at least, are not 
identical species, but these fossil forms doubtless in life would have 
closely resembled their present-day relatives in general appearance 
and probably in habits. 

The especially interesting phase of this fauna of the Cumberland 
Cave deposit, then, is the association of remains of animals whose 
modern relatives are now^ living under widely varying climatic 
conditions, as w ell as distant geographic ranges. And in referring 
to the lists enumerated above one might well ask wdiat sort of 
climate prevailed in the w estern Maryland region during that por- 
tion of the Pleistocene in wdiich this deposit of bones was being 
formed ? 

Crocodiles or alligators are not know n to have ever existed outside 
of tropical or subtropical climates, and, moreover, cold-blooded 
saurians could not have inhabited a locality where the temperature 
w’as accustomed to fall much below the freezing point. The present 
day tapirs and peccaries also are confined to tropical and subtropical 
localities. The presence of these creatures then, and especially the 
crocodile, seem strongly to indicate a warm climate for our cave-de- 
posit fauna. On the other hand, the wolverine is ahvays considered 
a boreal animal, normally associated with cold climate conditions 
and martens and minks, too, for the most l^art, now inhabit northern 
or at least temperate zones, while the little picas or coney rabbits, 
to-da}" are found living only in the higher altitudes of the Ivoeky 
Mountains or some of the colder regions of Asia and eastern Europe. 
The presence, therefore, of these animals may be taken as almost 
equally strong evidence of cold climatic conditions. 

How', then, may one account for this intermingling of animals of 
such widely varying climatic zones ^ There are at least three pos- 
sible explanations. The first, and most unlikely perhaps, would be 
to suppose that the animals of the Pleistocene suliiciently differed 
in habits from their living relatives as to render comparisons en- 
tirely untrustworthy; or, second, that the accumulated fossil ])ones 
of this deposit represent a lapse of time sufficient for a gradual 
local change in climate, from mild subtropic to boreal or arctic, con- 
ditions (or vice versa), accompanied by a gradual and api)ropriate 
change of faunas; or third, and to me the most likely supposition is 
that the average temperatux'e of the general region, at least of the 
low'lands and valleys, was w'armer then than now', w hile the mountain 
ranges and peaks in the vicinity, being Ics^ worn dow n by erosion 
were prol)ably much higher and therefore cokh r, possibly even snow' 
capped. 

Such a condition would naturally bring the boreal faunas much 
further south than w'e now' find them, while tlie valleys and low lands 
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might at the same time be inhabited with a distinctly southern fauna. 
A contributory cause for a more southern range of boreal forms may 
be found also in the probable fact that the southern extremities of 
the great pleistocene ice sheet were at the time not far distant from 
this particular region. Under these conditions, had they preyailed, 
a mixture of fossil remains of boreal and subtropic animals such as 
is indicated in the Cumberland cave deposit is very readily under- 
stood and may thus be satisfactorily explained. It might well be 
tliat animals of widely yaried life habits could inhabit contempo- 
raneously the same general region — the austral species occupying 
normally the lower, warmer leyels, the boreal forms the colder re- 
gions of the uplands and mountain tops — while certain animals of 
each extreme might readily, during the course of seasonal changes, 
occupy alternately and temporarily an intermediate locality. More- 
over, the very nature and occurrence of the fossil remains found in 
the cave mass suggests just such a possibility, while there was no 
evidence whatever of a gradual succession or displacement of faunas 
affecting the entire region which might have taken place during the 
period of the cave-deposit accumulation. 

Xearly coincident with the Cumberland cave discovery, and quite 
as accidentally, a similar deposit was reported to the National Mu- 
seum from a locality in West Virginia. This find did not prove 
nearly so rich as the former one, either in numbers of bones or kinds 
of animals represented, but is nevertheless of interest since it differs 
in some important respects from that of the Cumberland locality, 
while the fossils it contained show it to be about equivalent in age. 
The deposit was encountered in the course of developing a quarry 
in the limestone ledge situated on the west side of the beautiful 
valley of the (Ireen Brier, near the little town of Eenick. 

Here the rock strata are nearly in their original horizontal posi- 
tion (see pi. 4) and the small cavern following the general 
line of stratifi(‘ation extended backward some distance into the side 
of the ledge with its original opening on the same level with the floor 
of the cavern instead of directly above, as at the Cumberland locality. 
This difference in physical structure is reflected, first, in the character 
of the deposit covering the floor of the cavern, it being a soft, loose 
cave-clay unmixed with broken stones; and, second, in the much 
fewer numbers, and less variety of bones found there. The few bones 
recovered for the National Museum, which include only one well- 
preserved skull, represent but a single species, and that species, 
strangely enough, closely related to or pos>ibly identical with one 
of the large extinct peccaries of the Cumberland cave. Unfortu- 
nately, as in the case of the Cumberland find, the greater part of the 
bone-bearing material had been removed before any steps were taken 
to pieser\e the specimens it contained. It, therefore, is quite prob- 
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able that bones of other animals had also found their \Yay into this 
deposit, but hardly possible that there was anything like such a 
varied assemblage of animal remains as was formed at the Cumber- 
land cave ; for here there was no natural trap or pitfall to assist in 
their acciunulatioiij and the bones of the Green Brier deposit seem to 
have been dragged there by some large carnivorous animab which in 
Pleistocene times may have used the small cavern as a den ; or possi- 
bly these large peccaries may themselves have occasionally sought its 
entrance for protection or shelter. 

Among other notable discoveries in the United States of cave 
formations containing fossil bones are the Port Kennedy cave de- 
posits of eastern Pennsylvania^; the Potter Creek Cave, of Shasta 
County, California^; and the “Conrad Fissure” bone deposit of 
northern Arkansas.^ Descriptions of these may be found by refer- 
ring to the publications here cited. 

In the Old World, and especially in Europe, discoveries of cave 
deposits containing bones of extinct species of animals have been 
more frequent than in America. This is probably due, in part at 
least, to the fact that much of the Old World is more densely popu- 
lated and has been occupied by civilized man for a much greater 
period of time. Boyd Dawkins, a noted English scientist and writer 
has given a good account of these caverns in his interesting book on 
Cave Hunting, published by MacMillan & Co., London, in IS 71. 

An especially interesting feature of the European caves is the un- 
mistakable evidence that manv of them were inhabited for lone: 
periods, especially during the PleistQcene age, by large carnivores, 
such as hyenas and bear^, and the.-^e animals Avere doubtless re- 
sponsible for the accumulation of bone deposits found there repre- 
senting many other animals which they had dragged into their dens 
for food. Many of the caves also show evideiicei^ of having been in- 
habited by early man. A good account of these evidences has been 
given by Prof. Henry Fairfield Osborn in his book on IMen of the 
Old Stone Age.*^ 


^ Copo and Mercer, Jour. Acad. Xat. Sci., Phila., (2) vol. 11, ISST to 1S91. pp. 11)3—289. 
2 Sinclair, I'niv. Calif. Pubs. vul. 2, No. 1, 1904, pp. 1-27 
2 Brown, Mem. Amer. Mus. Xat. Hist, vol. 9, pt 4, 190S. 

* Osborn : Men of the Old Stone Age. Charles Scribner’s Sons. Now York, 191 j. 
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Excavated Chamber from which Fossil Bones were Taken. 
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Stone Quarry near Renick. W. Va. 
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INTRODUCTTON. 

The study of the foriuer idaiit life of the frlobo possesses a Liany- 
sidod fascinatioip not tlie least of which i^ tlu‘ li^lit whicli it 
sheds upon j)hysical history. The term puleohotauy. apjilied to the 
science of fc^ssil plants, lias (*ome to be widely adopted of late years. 
Its story is not merely tlie history of the endless succession of plants 
which have inhabited the earth since life first came into existence, 
but it aims to understand and interpret these in terms of the evolu- 
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tion of individuals and of floras^ their interactions with an ever- 
changing environment, and the transinutation of these facts into 
terms of ancient geography, topography, rainfall, temperature, and 
distribution. 

The scientific study of fossil plants is a very modern development, 
for, notwithstanding the great abundance of fossil plants in the 
countries of the classical world surrounding the Mediterranean, the 
limestone quarries of the Greeks, the petrified forests of Xubia, and 
the vast public works of Imperial Rome, none of the writers of 
antiquity mention fossil plants, although some of them carried on 
a lively discussion regarding the nature of animal fossils. Petrified 
wood is not recorded until about the middle of the thirteenth cen- 
tury (Albertus Magnus), and fossil foliage not before the latter 
half of the seventeenth century (Major, Lhwyd). The earlier com- 
mentators explained fossils as due to the mystical action of the stars 
or the mysterious working of spiritual forces like the ris lapidifca 
of Avicennia, or the virtue, -forma fira of Albertus Magnus, or the 
stone-making spirit of Sperling. Xothing was further from the 
accepted thought than that fossils were the remains of real organ- 
isms that had once lived: the nearest approach to such a view was 
that they were some of the models used by the Creator or that they 
had developed from abortive germs of animals and plants that had 
become lost in the earth. 

After the view that fossils were the remains of organisms had 
gained man 3^ adherents, the}^ were regarded as evidence of the uni- 
versal deluge — an interpretation suggested by Martin Luther in 1539. 
This flood theory or diluvial hypothesis found numerous advocates 
throughout the seventeenth and even far into the eighteenth century. 
For example, in the Tramactions of the Roval Society" for 1757, 
James Parsons figures numerous fossil fruits from the early Eocene 
deposit of Sluq)pey in the Thames estuarv. These, he thought, 
would furnish evidence of the season of the year in which Xoah and 
the rest of creation were oldiged to take refuge in the ark, and he 
concludes from the maturity of these fossil fruits that the deluge 
commenced in the fall of the year and not in the spring, as his con- 
temporaiT, Doctor Wood wai-d, liad supposed. Johann Jacob Scheuch- 
zer (1071-1733) was the great exponent of the flood theory, pub- 
lishing his Herbaria m DiJaviamfin at Zurich in 1709, and even figur- 
ing the hones of one of Xoalfis Ic'-s fortunate ])rethren which he found 
among tlie fossil leaves at Oeningen on the Swiss border of Baden, 
and which subsequently proved io be the bones of a large Miocene 
amphibian. 

The flood theory passed through various phases of opinion. At 
first tlie fosdl plants were regiuvled a- simihir to those still growing 
in the vicinity— a natural enough belief when the universaf accepL 
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ance of the Mosaic cosinologj" and a Yrorld but 6,000 years old is borne 
in mind. Subsequently, when the differences in the fossils became 
apparent, they were thought to represent forms still existing in the 
Tropics that had been swept to Europe and buried by the waters of 
the flood. When with the progress of knowledge of tropical plants 
this last vicAY became untenable, it was thought that the fossils rep- 
resented plants that had been exterminated by the flood, and from 
this it was but a slight step to the opinion advocated by Volkmann, 
which appealed to many, that the antediluvian vegetation was of a 
far higher order than that of the present with none of the thistles or 
other weeds of modern times, and that our modem forest trees are 
the degenerate descendants of delightful Ad ami tic fruit trees — a 
phytological fall paralleling and ascribed to the fall of man. 

Gradually it came to be recognized that fossil plants were not only 
unlike recent ones. l)ut that they Avere A^cry ancient and not merely 
antediluvian but pre-Adamitic — a vieAv first advocated by Blumen- 
bach (1790). The first year of the nineteenth century saAv the pub- 
lication of the Biitrd(je zur Flora tier Tone el t by Ernst Friedrich 
von Schlotheim (176-1— 183*2) , in which 14 plates of fossil plants Avere 
published, and these plants were segregated into 5 classes and 1*2 
orders which were based upon the method of preservation. The next 
Avork of importance, Avith a someAvhat different point of vieAV as its 
title indicates, Avas the Yersuch eJner fjeof/no-^flsch-hotaniv-hen Dar- 
sfellung dev Flora- tier Yoraolt^ published in parts from 1820-1838 
by Kaspar Maria A^on Sternberg (1761-1838). The A^getation of the 
world was divided into three periods — an older insular period char- 
acterized by the coal plants; a period marked by cycadean typos, 
which corresponds roughly with the modern Mesozoic: and a period 
introduced by fucoidal remains and characterized by dicotyledonous 
leaA^es, which corresponds Avith the modern Cenozoic. 

The real Xestor of paleobotany, however, was Adolphe Theodore 
Brongniart (1801-1876), the son of Alexandre, who was associated 
with Cuvier in his great work on the Paris Basin. Brongniart com- 
menced publidiing on fossil plants at the early age of 21. and in 
1828, in his Prodrome to the Histoire des vegetaux fossiles, he drops 
the preA*ailing point of view and treats fossil plants as none the less 
plants, endeavoring to fit them into the natural system of classifica- 
tion of Jussieu, and recognizing the true position of the gymiiosperms 
a generation or more before the students of the modern conifers ar- 
rived at the same point of vieAv. Brongniart maintained that there 
had been a steady progress from loAver to higher bu'ms. Tie belieA'ed 
in a gradually ameliorating climate, and diAuded the extinct veireta- 
tion into four periods, the first extending from the beginninir to the 
end of the Carboniferou>. the second corroponding to the earlv Tri- 
assic (grfe bigarre), the third including the later Triassic. tlie Juras- 
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«ic and Cretaceous, and the fourth making up the Tertiary and 
Quaternary or Cenozoic, He thus laid the foundations of the science 
in a broad way and was the inspiration of numerous students who 
grew to productivity under his tutelage and example. 

During the remainder of the nineteenth century a vast body of 
literature was built up by an ever-increasing number of students, of 
whom the most illustrious were H. R. Goeppert (1800-1884), of 
Silesia; Franz Unger (1800-1870), of St 3 ^ria; Oswald Heer (1809- 
1883), of Switzerland: Gaston de Saporta (1823-1895), of France: 
and C. von Ettingshausen (1820-1897), of Austria. In Britain 
W. C. Williamson (1816-1895), following the pioneer work of 
Witham (1833) and Binne^’ (1868), succeeded in placing the ana- 
tomical study of petrified plants of the Carboniferous on a solid 
foundation, and this phase of activit}^ is still assiduoush’ cultivated 
by a considerable number of contemporary British botanists, among 
whom D. H. Scott unquestionably stands at the head. In France 
the most active contributors in recent years have been Bernard 
Renault (1836-1904) to the anatomical side and C. Rene Zeiller 
(1847-1916) to all phases of the subject. Probably the most capable 
of contemporary paleobotanists is A. G. Nathorst. of Stockholm. 

The pioneer workers in Xorth America were J. W. Dawson 
(18*20-1899) in Canada and Leo Lesquereux (1806-1889) and J. S. 
Newberiy (1822-1892) in the Lnited States. Unger, in his Genera 
et Species Plantariim Fossiliuin, had essaA’ed a complete manual of 
the subject as early as 1850, but a sufficiently large body of facts 
had not 3 "et been accumulated to give his work lasting value, although 
it was of immense importance at that time. This task was accom- 
plished by W. P. Schimper (1808-1880) in three volumes of text and 
one of plates of the Traite de paleontologie vegetale (1869-1874). 
A less usable work covering the same field in a different wa^" was 
the Paleophytologie. contributed by Schimper and Schenk to ZittelFs 
Handbiich der Paliiontologie, which was completed in 1890. More 
recent!}^, A. C. Seward has essaA^ed to cover the field in a four- 
volume work on fossil plants (1898-1918), in which little space is 
devoted to other than the morphological aspects of the subject, and 
in which the flow^ering plants ai’e entirely omitted. 

METHODS OF PRESERVATION. 

Fossil plants have been preserved by two principal methods: 
They either became waterlogged and w*ere buried in sediment rang- 
ing from mud to sand, or were infiltered by some mineral solution, 
or w'ere replaced molecularly by silicic acid, calcium carbonate, or 
other mineral substance. The first method is (‘ailed inclusion, and 
tlic degree with which the details are preserved in the resulting im- 
pression depends on the fineness of grain of the sediment. Very 
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fine muds preserve every detail with great fidelity. Thex'efore, 
shales, which are simply lithified muds, furnish beautiful fossils, as 
in the roofing shales that overlie so many coal seams. The re- 
deposition of calcium carbonate in the form of travertine often 
entombs well-preserved plant remains as do the alluvial muds of 
river flood plains. Volcanic dust falling in water forms an admir- 
able matrix, as in the celebrated Miocene lake deposits at Florissant, 
Colorado. Impressions of plants constitute the bulk of the objects 
with which the paleobotanist has to deal. The substance of the in- 
closed plant fragment may remain as a carbonaceous film; it may 
be replaced by salts of iron or other mineral; or it may be entirely 
dissipated, leaving merely the impression. Occasionally lignified 
remains, such as those from certain localities in the Upper Cre- 
taceous, may retain their internal structure more or less intact, and 
by special methods may be sectioned and studied microscopically. 
The fire clays of the Coal Measures often furnish beautiful im- 
pressions in dark tints on a light drab background, and some of the 
light-colored clays of the Upper Cretaceous of South Carolina, 
where the leaf substance has been replaced by iron oxide, yield hand- 
some red impressions. 

Plant remains are often found in a good state of preservation in 
nodules of iron or calcium carbonate. Coal or lignite beds are 
simply examples of the inclusion of vegetable debris en masse. In 
coarse sediments, or occasionally in finer materials such as tuffs or 
travertine, more resistant objects like seeds or stem fragmeitts have 
left nothing but the cavity or cast, and sudi objects often furnish 
satisfactory subjects for study. Amber or other fossil resin has 
also frequently preserved mummies of plants or other organic re- 
mains, especially delicate objects like flowers. The cuticularized 
integument of pollen grains or spores is very resistant and is fre- 
quently preserved. Similarly the cuticles of leaves retaining the 
outlines of the epidermal cells and the stomata are often found to be 
intact after the remaining tissues have become ( ompletely disorgan- 
ized. These can sometimes be peeled from the fossils and mounted 
for microscopical examination, or, if this is impossible, collodian 
( asts of the surface can be made and by the proper handling of the 
illumination yield satisfactory microscopic details. 

The second and third methods of preservation, or more generally 
a combination of infiltration and replacement, are usually termed 
petrification. The iiitenial structure of the plant material is con- 
served with more or less perfection according to tlie rapidity of 
permeation l>efore the tissues have rotted and the completeness with 
which replacement has taken place. If this happened before the 
tissues became disorganized thin sections may be ground and the 
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histology elucidated. Petrified woods, especially of coniferous trees, 
either silicified. calcified, or ferriiginized, are common at many 
geological horizons. More delicate plant fragments are only rarel}'^ 
preserved in this way. Such remains where the replacement has 
been by calcium carbonate characterize certain horizons of the 
Engli>h Coal Measures, and similar “coal balls” have been discov- 
ered more recently in Moravia, W'^stphalia, and Russia. Silicified 
plant fossils are found at certain horizons in the Permian of St. 
Etienne and Autun in France, and often the most delicate thin- 
Availed tisbue, such as cambium and j^hloenu is well preserved. The 
stumps of Cycadeoidea from the American Lower Cretaceous arc 
silicified, usually denoting a burial in sandy deposits, and range in 
perfection from those of tlie LoAver Cretaceous of Maryland, which 
are little more than sandstone casts, to some of the Avonderfully pre- 
served stumps of the Black Hills in AVyoming. in which even the 
embryos in the ovules are completely preserA^ed. 

(iEXEUAV EUIXCIPEES. 

The general principles Avhich paleobotany has elucidated or illus- 
trated can be but briefly indicated. First among these is the fact, 
roughly traced in the subsequent discussion, that the history of 
plants shoAvs them to have had a gradual transformation from early 
simplicity to later complexity and progress I ac differentiation of botli 
structures and habits in the successiA^ely higher groups, thus exempli- 
fying tRe uniA'ersal principle of evolution. The original scene of 
plant activity was in the Avater. Gradually the main theater of op- 
erations Avas transferred to the land, and the distinction between 
vascular and cellular plants in this respect is analogous to the dis- 
tinction between A^ertebrate and invertebrate animals. 

Each successiA^e group of plants that appeared upon the scene illus- 
trates a second great 2 nunciple — that of adat^tive radiation; that is, 
by progressiAe modifications (the mutations of Waagen), groups be- 
came dominant, such as the Lepidophytes, ArthrophA tes, and Pteri- 
dosperms of the Carboniferous, the Cycadophytes of the Mesozoic, 
or the Angiosperms of the Cenozoic, their members became adapted 
for a great variety of environments and tended to occupy all of the 
available situations on the land or in cases became secondarily 
adapted for an aquatic existence, like the water ferns or the various 
aquatic angiosperms. Paleobotany shows one group after anothei 
thus dominating, becoming specialized during the 2^i’0(‘ess and then 
Avaning or becoming entirely extinct. The accompanying diagram 
illustrates the successive dominance of diflWent 2)hint types and the 
increasing complexity of the vegetable kingdom as a Avhole. 

Another principle is illustrated by the progressive loss of plasticity 
as organisms or organs became complex and specialized. It was the 
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simpler organisms tliat outlasted the complex or gave origin to new 
types. The more complex lost their power of adaptability to change 
and readily succumbed when such changes in their environment 
came. For example, it was not the complex arborescent lepidoden- 
droids that gave rise to the modern club mosses, nor were the lofty 



Fig. 1 sho-.ving the relative duration of j^oolopio time, the succe";sive doniinan<*p of plant t vpes, 

and the proGre^sive jnrroa-'O in complexity of tiora'. 

calamites the progenitors of the modern mares tails, but in each 
ca'-e simpler forms '^aved the phylum from becoming extinct. Fern 
synangia may have given rise to -eed'- l)v modification and peripheral 
sterilization, but no seed has or ever will become moditied into a 
synangium. Thus evolution either of organs or orgaiii:^ms is non- 
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reversible. The earlier forms of the successive plant groups, in 
accordance with the a prion conclusions of evoliitionaiy philosophy, 
are in general synthetic or generalized in structure, i. e., they com- 
bine features of various categories that subsequently became charac- 
teristic of diverging lines of evolution. Thus all of the earlier plants 
had motile sperms; none had true vessels such as characterize the 
wood of angiospernis ; crypt ogamic, or centripetal wood formation 
was an almost universal feature, and many other similar characterb 
could be mentioned. The Sphenophyllales were synthetic in that 
they combined certain characters of their fern ancestry with features 
that subsequently became stereotyped in the Lepidophytes and Calu- 
mites; they are thus considered as rex^resenting an ax^i) roach to the 
common ancestor of the balance of the Lex^idophytes and of the 
Arthrox:>hytes. The earliest ferns show combinations of features 
that subsequently became the property of different fern families; 
while the Pteridosperms combined the characters of ferns and 
cycadox)hytes. 

Another principle illustrated by paleobotany is that known as 
recapitulation, or the fact that, theoretically at least, the ontogeny 
or development of the individual is an epitomy or abridgment of the 
phylogeny or development of the race. This x^i'incix^le is, however, 
difficult of application since its underlying factors are unknown and 
the ontogeny may show acceleratioji, modification, or obsolescence 
that renders the ax^plication of recapitulation questionable unless 
corroborated by other lines of evidence. 

A familiar instance of the retention by the seedling of ancestral 
adult characters is furnished by the conifers, most of Avhich have 
needle leaves on the shoots of the juvenile forms, while with age 
these needle leaver of the long shoots are replaced by scales as in 
an adult pine, or become reduced to cone rescent leaves with a cvclic 
instead of a sx>iral arrangement a^. in the juniper, or become reduced 
to scales wliile the shoot (phylloclad) functions as a leaf as in Phyl- 
locladus. From these changes in foliage in the earlier part of the 
life history of the ^ arious conifers it is inferred that the scale leaves 
of Pinus, the double leaf of Sciadopitys, the phylloclad of Phyl- 
locladus, tlu‘ concre-cent cyclic leaves of the Cupressaceae and the 
deciduous habit of the larch (Larix) and bald cyx^ress (Taxodium) 
are all derived characters. 

Another principle is derived from the study of persistence of 
organism- or organs. Such conservative organisms as the Bacteria 
or the Fyanophyceae have existed unclmngod for millions of Tear-. 
Conservative organs nre those like root^. whose functions and en- 
vironment have remained uniform for ages. Thns all roots are 
found to be much alike in their organization. Varions enthusiasts 
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have proclaimed the conservulisin of the vascular cylinder, while 
others conceive that the parts concerned with spore or seed forma- 
tion are nioiT conservative. Foliage in general is apt to be con- 
servative in both form and structure, as witness the similarities in 
the fronds of the Cycadojdiytes retained from the Permian to the 
present, during which their vascular stem structures and especially 
their fructifications varied through wide limits. Ginkgo leaves 
have an equally long history, and many angiosperms acquired their 
distinguishing leaf form during the Upper Cretaceous. 

Another general principle derived from the study of the geological 
distribution of plantb — a principle for the mObt part unrealized by 
biologists or meteorologists — is that relating to geological climates 
of which plants are the must satisfactory known te^ts. The early 
paleobotanists drew extreme pictures of former vapor-laden atmob- 
pheres and tepid, torrid climates, but these are found to have no 
basis. On the other hand, it has become increasingly clear of late 
years that the sort of climate under which the history of man has 
been passed is an abnormal climate from the standpoint of geological 
history. From the first appearance of terrestrial plants in the 
Devonian down to the present there are only two periods at which 
it is possible to distinguish anything approaching climatic zoneing 
For example, Devonian plants are known from Ellesmere Land on 
the north to Australia on the south, and no differences are dis- 
cernable in the floras from latitude 85 and those contemporaneous 
in central Europe. This uniformity and cosmopolitan distribution 
continues throughout the Lower and Upper Carboniferous. In the 
Permian, however, there are well-marked floral provinces succeeding 
widespread glacial conditions. Again from the late Triassic 
throughout the Jurassic and Cretaceous there were no 2 :>olar, temper- 
ate, or equatorial zones — the same plants are found vfithin a few de- 
grees of the ])oles as within a few degrees of the equator. Even in 
the earlier Tertiary, tropical floras extended halfway across the 
temperate zones and temperate forests are known from within five 
degrees of the pole. At the clo^e of the Tertiary the successive 
glaciations of the Pleistocene changed all this cosmopolitanism, 
and to-day nian is living in a Pleibtocene climate, with well-marked 
climatic zones and seasonal variations. The principle may be stated 
thus: That for geological time as a whole cliniatcb have been more 
uniform than at present, and marked variations from this uni- 
formity are occasional and are the concomitants of glacial condi- 
tions, both apparently the results of a similar but little understood 
cause. 

RELATIOX TO r)TTTi:n S(UEXCES. 

Paleobotany both contributes to and borrows from the other earth 
sciences. Its relation to botany in the accepted sense of that term 
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is peculiar, since paleobotany is the botany of all geological time, 
while botany is that of but one geological period — namely, the 
present. It is now quite impossible to obtain a broad foundation 
for phylogenetic, morphological, or distributional studies of existing 
plants Avithout a consideration of their extinct ancestors. In the 
interpretation of the far distant past paleobotany and its sister 
science paleozoology contribute fundamental data to geology, not 
only in furnishing the “ medals of creation,’’’ Avhich constitute the 
best basis for a geological chronologA" yet discoAered; not only as 
comprising the subject matter of the biology of the past, which is a 
legitimate part of earth history, but in the elucidation of the climate 
and other physical conditions of past times, subjects AAdiich may be 
embraced under the terms of Paleoclimatology and Paleoecology. 
Paleogeogi-aphy, or the Physical Geography of past times, also 
deriA^es some of its most important facts from the study of the 
character and distribution of fossil organisms. 

TYPES OF A'EGETATIOX. 

The salient features of the various phyla into Avhich the A egetable 
kingdom i^> now divided Avill l)e passed' in revieAv, after Avhich the 
eAolution of floras from the beginning of life on the globe down 
through the Pleistocene Aviil be Inlefly sketched. 

rilYLUAI rilALLOPllYTA. 

As a convenience and because of their lack of importance as fossils 
the old term ThallopliAla Avill be used for the great mass, of thallus 
plants, formerly thought to (constitute a single suhkingdom but now 
knoAvn to represent sevci*al phyla. The thallophytes embrace plants 
of the simplest type, but they exhibit nevertheless a very Avide range 
in the structure and degree of differentiation of the A^egetative body 
and in tlieir methods of reproduction. The plant body may be a 
single minute and often motile cell multiplying by fission, or the 
thallus may be an aggregate of cells Avith a well-marked physiological 
diAision of labor, and differentiated into parts analogous to the 
r<x)ts, stems, and leaA^es of the higlier plants, and Avith a correspond- 
ing histological complexity. The best known thallus plants [to the 
nonbotanist] are bacteria, such fungi as molds and toadstools, and 
seaAveeds. With but fcAv exceptions, marine plants are thallophytes, 
although immense numbers are also found in fresh water and in 
various terrestrial habitats. In general, the larger and more complex 
are marine and some of these are among the most gigantic of plants. 

The thallophytes are primitive types and their existence unques- 
tionably antedates the geological record, although they are now 
knoAvn in considerable variety from ]>re-Cambrian, They furnish 
little that is of puleobotanical interest, since they are either so slightly 
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resistant tliat they have left only illy defined impressions in the rocks, 
or, if they had hard i^arts as in the so called calcareous algae, these, 
while they are often abundant, as in the various limestones of 
Paleozoic, Mesozoic, and Cenozoic age, add little to the knowledge 
obtained from a study of existing forms. They are, however, of 
great philosophic interest, since they point to the steps in the evolu- 
tion of the first life forms and since also they are unquestionably 
the ancestors of the land plants which appear in the Devonian records 
and from which all of our existing terrestrial vegetation has been 
evolved. A few of the more important fossil types will be briefly 
enumerated. 

Proterozoic algae are represented by the large concentrically lami- 
nated calcareous deposits known as Cryptozoon, as well as by other 
forms referred by Walcott to the genera Weedia, Collenia, Xew- 
landia, Kinneyia, Greysonia, etc. Thousands of obscure tracings in 
the Paleozoic and later rocks have been described as fossil seaweeds, 
but large numbers of these supposed fucoids have been shown to be 
the casts of trails, burrows and similar tracks of worms, trilobites, 
and other marine organisms, while others are rill or current marking's 
of nonorganic origin. Xevertheless, there is no reason for doubting 
the presence of algae from the pre-Cambrian onward, particularly 
when the supposed fossils show a carbonaceous residue as in the 
genus Spirophyton of the middle Devonian. The genus Xeinato- 
phycus of the Silurian and Devonian includes gigantic forms with 
their internal structure preserved, the silicified htems of A. logani 
being sometimes several feet in diameter. Xematophycus has been 
regarded as belonging to the Siphoneae or possil)ly the Phaeophyceae 
(brown algae). 

Another undoubted member of the latter group is the uppej’ De- 
vonian genus Thamnocladus. The Diatomaceae (Bacillariaceae), 
whose siliceous frustules accumulate as oozes in the present marine 
and fresh waters, occur as fossils from the lower Jura'^sic onward. 
They are sometimes present in the Tertiaiy as relatively pure beds 
many feet in thickness and made up of billions of tests of these tiny 
forms, as in the Miocene Calvert formation of Maryland and Vir- 
ginia, or in the Pliocene of California. The Chlorophyceae or green 
algae include many doubtful fossil forms and numerous others that 
are well authenticated, particularly in the somewhat unique group 
of Siphoneae. Joints of the verticillate or tubular calcareous forms 
occur in the older Paleozoic {^Cambrian to Silurian), where they are 
represented by the genera Ascoma. Primicorallina, Sycidium, Calli- 
thamnopsis, etc. This type becomes exceedingly common at certain 
Mesozoic and Cenozoic horizons, as in the ^lediterranean Triassic 
(Diploporella, Halorella, Triploporella) or the middle Eocene of the 
Paris basin. 



300 AXXrAL TvEPORT SMITHSOXIAX INSTITUTION, 1918. 


Associated with the foregoing are species of Codiaceae (Girva- 
nella, Sphaerocodium, Halimeda, Ovulites), Dasycladaceae (Aci- 
cularia, Cymopolia, Vermiporella, Diplorella, Gyroporella). The 
Cluiraceae, or Charophyta as they are sometimes called, . are a 
somewhat isolated group of fresh and brackish water forms, the 
stoneworts. They are doubtfully recorded from rocks as old as the 
Devonian and their calcareous fruits (oogonia) are present in con- 
siderable abundance throughout the Mesozoic and Cenozoic. The 
Ehodophyceae (Florideae), or red algae, include one family, the 
Corallianceae, that is of considerable geological importance, being 
represented as early as the Ordovician by Solenopora, and common 
throughout the Mesozoic and Cenozoic (Lithothamnium, Lithophyl- 
lum). These are the nullipores or reef -forming types and some of 
them are remarkable in that they contribute as much as 25 per cent 
of magnesium carbonate to the resulting reefs. 

Paleozoic bacteria have been known since 1879, and a considerable 
number of supposed species have been described by Renault. Pro- 
terozoic bacteria have recently been described by Walcott, who 
believes that pure limestones without traces of organisms other than 
algae clearly indicate the presence of bacteria as the active agents 
of precipitation through their denitrifying activities. Traces of 
fungi are commonly met with from the Devonian onward. These 
are usually in the form of mycelial hyphae, both nonseptate 
(Phycomycetes) and septate (Mycomycetes) . They occur in fossil- 
ized plant tissues, and occasionally the minute spores or traces of 
oogonia or sporangia are present. Berry has recently described 
forms in petrified Eocene palm wood in which various stages of 
sporangial grovth and spore formation are preserved (Peronos- 
poroides). Other specimens show zygospores or conidia (Zygospor- 
ites, Cladosporites, Haplographites, Oochytrium, etc.) 

Foliage preserved as impressions frequently shows traces of leaf 
spot or other fungi, and many undoubted remains of this sort have 
been described. All of these types of fungal remains are exceedingly 
common at all horizons where petrified or other plant tissues occur, 
but their nature largely precludes systematic study. It can be safely 
asserted that the fungi were of very ancient origin and were already 
present in great variety in the older Paleozoic, but that their perish- 
able nature and nonaquatic habitat has prevented large numbers 
from becoming preserved as fossils. Jlicroscopic forms of both algae 
and fungi are present in abundance in oil shales and in some bog 
ores of iron from the Silurian down to the present time. 

I»HYT.r:M BRYOPHYTA. 

The Bryophyta or moss plants, comprising the existing mosses and 
liverworts ( Hepafkae) , which occupy so prominent a place in some 
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evolutionary schemes, are almost entirely unknown as fossils and 
such as are known are either inconclusive in character or confined to 
relatively recent periods. These plants were never of large size, 
nor have they ever become truly fitted for terrestrial existence. 
Their absence in the geological record can not be attributed to 
their perishable nature since much more delicate objects have been 
abundantly preserved at various geological horizons. lYhile they 
have been recorded from the Paleozoic, especially by the early 
students, these records usually resolve themselves into fragments 
of Lepidophyte, Arthrophyte, or Coniferophyte foliage. Xone are 
conclusively known earlier than the Mesozoic, and the liverworts 
antedate the true mosses in the record, fruiting and therefore con- 
clusive material of the latter group being unknown in rocks older 
than the Tertiaiy. 

PHYLU^X PTERIDOPIIYTA. 

The term Pteridophyta as here understood is restricted to the 
fern phylum — the Filicales of the older students — the so-called fern 
allies (club mosses and horsetails) being grouped in the phyla Arth- 
rophyta and Lepidophyta. The Pteridophyta are a very ancient 
stock, always megaphyllous and phyllosiphonic. The fructifications 
are borne upon but slightly modified foliage leaves and Avere ncA^er 
strobiloid. The known forms are prevailingly homo^porous, al- 
though heterospory must have been CA^olved early in their history 
since the Pteridosperms are clearly derived from the ancient, at 
least pre-Devonian, fern stock. Among existing ferns the ITydrop- 
terales or so-called water ferns, of somewhat questionable relation- 
ships, are also heterosporous. 

Living ferns are usually segregated into two major groups — the 
Eusporangiate and Leptosporangiate, according as the sporangium 
deA'elops from a group or from only a single cell. While this dis- 
tinction is not without exceptions it is one not observable in fos- 
sils, where the mature features must be relied upon. On tlie whole 
the Eusporangiate sporangia are large, attached by a broad base, 
with a wall more than one cell thick, and without a definite annulus, 
though some of the cells may be thickened: moreoA^er in the Marat- 
tiales, one of the important orders from the paleobotanical Auew- 
point, the sporangia are united to form synangia, which by some 
students are thought to represent a modification of the sporangio- 
phore so prominent in the Arthrophyta, and Acstigial in the Lepi- 
dophyta. In the present treatment the Pteridophyta ai’c segregated 
into the four classes, Coenopteridae, Eusporangiatae, Leptosporan- 
giatae, and Hydropteridae, Avhich aa ill be considered separately. 

The Coenopteridae or Primofilices comprise a group of Paleozoic 
ferns known almost entirely from the anatomy of stems and petioles, 
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the features of which are probably overestimated in discussing their 
interrelationships. The name, derived from the Greek root for 
common or general, is adopted in allusion to their synthetic char- 
acters, and the group is considered t(j have been much wider than 
is indicated by our knowledge of the two families Botryopteraceae 
and Zygopteraceae, and in the accompanying phylogenetic diagram 
is used as the starting point of the fern phylum. 

Without attempting to formulate the theoretic (*haracters of the 
Kofilices or setting diagnostic bounds to the C’oenopteridae as here 



used, we may pass to a brief consideration of the two knowa 
families. 

The Botryopteraceae at present embrace three genera: Gram- 
ma tupteris and Tubicaulis based upon Permian stem anatomy, and 
Botryopteri< ba!-ed upon >tem and >porangia] structural remains 
ranging in age from tlie Lower ( arboniferous to the Permian. 
Little is known of the habits of fronds of these types and they have 
not been definitely c(^rrelated with material preserved as impres- 
sions. They had slender monostelic stems exarch in Grammato- 
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pteris und Tiibicaulis, endarcli in Botryopteris, with scalariforni or 
reticulate tracheids. In B. faren-sis the sporangia were pedicellate 
in groups of from two to six on the ultimate divisions of compound 
fronds. They were pyriform with walls of two layers of cells and 
on one side had an annulus several c*ells in width suggesting com- 
parison with the Osmimdales. The leaf traces vary from rectangu- 
lar in (Trammatopteris and oval in some species of Botryopteris to 
omega shaped in other species of that genus. All known Botryop- 
teraceae were small plants thouglit to have had slightly fleshy 
pinnules, and abundantly clothed with epidermal hairs. 

The family Zygopteraceae is based largely on a variety of struc- 
tural remains of petioles, although the stem anatomy and stx)rangial 
structure are known in several instances. They range in age from 
the Devonian (Clepsydropsis) to the Permian. The leaf traces 
show a variety of complexities of form and histology' , and in cross 
section range from an hourgla>s or H -shape to the stellate form of 
Astei’ochlaena. It seems probable that the elaborate classiflcation 
which Bertrand has based on the variations of these petiolar strands 
would not survive a laiowledge of the other characteristics of these 
ancient types. 

The sporangial character's show considerable variation. In Zy- 
gopteris the sporangia were grouped and annulate mudi as in Botry- 
opteris. In Diplolabis and Stauropteris an annulus was not de- 
velojred; the former had the sporangia grouped in sori or synangia 
while in the latter they were borne singly on the ultimate divisions 
of the frond. The class as a whole shows relationshi])s with the 
Ophioglossales, Osmimdales, and Marattiales. 

The Eusporangiate class of ferns comprise two known order's — the 
Ophioglossales and Marattiales, the former regarded as very primi- 
tive ]>y most students and but slightly re[)resented in the fossil state, 
although the Paleozoic Rhacopteris and Opliioglossites and the 
Mesozoic Chiropteris lave often been considered as representing this 
order. 

The Marattiales, on the other hand, with six existing genera, and 
about 30 large handsome tropical and subtropical species, have an 
extended geological history. In the j)resent state of our knowledge, 
confused as it is by the resemblance of Pteridosperin microsporangia 
to Maratteaceous synangia, it is ditfcult to give a sati>factory esti- 
mate of the relative importance of the Marattiales in the Paleozoic, 
but they certainly occupied a prominent position in those early floras 
and this prominence rests on the evidence of the cosmopolitan frond 
genus Pecopteris, the stem anatomy of the forms referred to 
Psaronius and its allies, and upon a variety of fructifications. 

Tlie Psaroniaceae were tree ferns sometimes 50 feet or more tall, 
with fronds, in cases where actual connection has been established. 
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of the Peeopteris type, arranged in crowded spirals {Psamnhis foly- 
“ Caiilopteris impressions), in four A'ertical rows {Pmromus 
tetrasticlii) or in two opposite vertical rows {Psaronim dhtichi^ 
Megaphyton impressions). Specimens of Psaronius were probably 
the earliest known fossil plants with structure preserved since pol- 
ibhed slabs of the trunks were in considerable vogue during the 
eighteenth century as decorative objects under the names of “staar- 
steine’' or starling stones because of their speckled appearance 
(Psaronius has the same meaning), dependent on their anatomical 
structure. A very large number of species have been described from 
the Upper Carboniferous and Permian. They have been favorite ob^ 
jects of histological investigation since the days of Corda (1845), 
since they are common in a j)etrified condition in Saxony, France, 
and elsewhere. Anatomically, the stems have a complex system of 
laterally elongated, concentric curved steles of scalariform tracheids 
surrounded by x^hloem and immersed in a parenchymatous ground 
mass with some sclerotic bands below the leaf gaps. 

Some of the poly arch roots show secondary wood, but none has 
been observed in the stems, the central one caulinc and the outer 
ones giving off numerous leaf traces and adventitious roots. Outside 
the sclernchymatous region Avhich bounds the stem proper is a very 
broad zone, bfrmerly thought to be cortical, consisting of closely 
packed adA^entitious loots embedded in a dense felt of hairs which 
spring from both the stem and the roots. 

The petioles usually shoAV a single horseshoe-shaped trace, al- 
though sometimes a second lies Avithin the first. The occasional 
presence of lacunae in the root cortex of some of the species suggests 
a SAvampy substratum. 

Peeopteris fronds represent the one type among the many familiar 
fern-like fronds of the Paleozoic AAdiic'h are so abundant in the roofing 
shales of the coal seams that is fiv(|uently found in a fruiting con- 
dition. Some haA^e been demonstrated to haA^e been borne upon 
Psaronius stems and this is probable of the majority. The fructi- 
fications are of a variety of types. Those knoAvn as Asterotheca 
had large synangia in tAvo roAvs, one on either side of the median 
Axnn on the under surface of the pinnules, each consisting of fiAe 
or six sac-like confluent sporangia forming a clo-e ring. Other 
confluent synangia knoAvn as Pty( ho(*arp!is (haracterize an Upper 
(’arboniferou- and Permian series of Pecopterids. These synaniria 
consi^'t of five to eight sporangia united laterally to form a close ring 
and adherent to a central receptacle and embedded in continuous 
eiiA'eloping tissue. They discharge their Axrv numerous small spores 
through a])ical pores, and greatly resemble the arrangement in the 
modern genus Kaulfussia. A third Paleozoic type is Danaeites and 
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Fig. 3. — Stem auatoray, faliaj-e, uiid fructification''' of the Faleozoic and Me ozoic Marattiale^. 
F-aroniu'^ cottai Corda. Cro's ‘^p^tion of vtoni from the Fermian nf Saxony (aft or ronia). 

2. Fecopiens arborei^ccna (Scliloaipuii). A (. artjomforous and I’ermian frond tjpe (after schenkj 

3. Mairnihed section oUori of A-tcroUieca evathoa Hrnnirn. 

4. Fertile pinnae of Fecopteris unita Frongn , with A^terotheca fructifications (after (Jrand’Eury). 
f). T .'0 pinnules of preceding enlarged. 

♦i. Asterodii'^ahoinitelioides Frongn (after < irand’Eury). 

7. A sorus oi the pie' eding, enlarged. 

8. I'nder ide of pinnule of SeiJoi-opteri'; elecan'J Zenker from the I'erniian of Saxony. 

9. Trans ‘Crse sect i in of preceding, enlarged tatter stra-'tiurgcD. 

10. rra'gment of fertile pinna of ^Nfaratiia mnen''teri ( F. F>raun ^ from the Rhaetic of Favaria. 

11. Synangium anti snores of preri^ilmg. enlarged < after Schini[>en. 

1 A Nadior-^tia angu^tifnlia Fleer, from the Fo ' er Frelaceous of ' treenland, enlarged < after Ileer ■ 

13. A synangium of preceding, > s (after Nathor^t 
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Parapecopteris, in which each pinnule bore two continuous rows of 
ovoid sporangia more or less united and embedded in the lamina 
and opening by apical pores. A fourth type known as Scolecopteris 
shows the sori in two rows and consisting of four or five long-pointed 
pendant sporangia more or less confluent proximad, united inter- 
nally for about one-third their length to a central stalk, suggestive of 
the modern genera Marattia. Kaulfussia. and Angiopteris, particu- 
larly the first. 

Other fructifications (Grand'Eurya, Dactylo theca) have par- 
tially or entirely free exannulate sporangia. Many other supposed 
Marattiaceous fructifications have been described from the Paleozoic 
rocks, as, for example, Hawlea in which there is a rudimentary an- 
nulus, Urnatopteris in which the fronds were dimorphic, Renaultia, 
Sphyropteris, and Discopteris. 

The Marattiales are represented in Triassic floras by numerous 
widespread forms variously referred to the genera Marattia, Marat - 
tiopsis, Angiopteridium, Angiopteris, Danaea, Danaeopsis, Pseudo- 
danaeopsis, Asterotheca, Taeniopteris, and Macrotaeniopteris. They 
occur on all the continents and make a particularly large display in 
the late Triasj^ic (Keuper and Ehaetic), at which time palustrine, 
often coal- forming, conditions with ap2)arently identical species of 
l^lants occur from the Arctic to tlie Antarctic and from Tonkin and 
Australia to Vii*giuia, California, and Chile. The identity of these 
Triassic Marattiales with existing forms rests on the form and vena- 
tion of the fronds, the arrangement and structure of the sporangia, 
and even the sj^ores. 

The ^larattiales were less dominant in the overlying Jurassic, and 
tliey were still more reduced during the Lower Cretaceous (Angioj)- 
teridium, Xathorstia. Taeniopteris?). Xathorstia, with several 
Greenland and Bohemian species shows pinnate fronds with Jiarrow 
entire pinnule^ iH^aring two rows of circular synangia of radially ar- 
ranged >})orangia united to a central receptacle. 

Subsequent to Lower Cretaeeotis time^ Marattiaceous remains are 
infreciuent. although occasionally brought to light in the Upper 
Cretaceous and Tertiaiy. A ^larattia is described from the English 
Eocene and a second from the French Oligocene. 

The order Osmundales includes the two recent genera Osmunda 
and Todea, togethei* with a dozen or lo species with large sporangia 
arranged in .-mail irrou])s. in linear and often ccmtluent sori. or clus- 
tered around the axis of the mucli reduced fertile ])innae. An annulus 
is re]ires(‘nt(‘d by a g]a)Up of tliick-walhal cells below the apex. The^' 
^tand someuhat apart from th(‘ l>alan(*e of existing ferns and are 
wide-ranging form^. some of which are found on all the continents, 
Osmumla l)eing cosmojiolitan and Todea antijiodean. Aside from 
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morphological considerations, the evidence that the Osmimdales con- 
stitute a relatively primitive line of fern evolution is furnished by 
impressions like Todea Lippoldi Stiir from the Lower Carboniferous 
of Silesia, petrified sporangia such as Todeopnh primaeva Renault 
from a similar French horizon, or Sturiella from tlie (lerman Upper 
Carboniferous, and finally by the phylogenetic series of petrified 
stems described by Kidston and Gwynne ^^aughan, among which the 
genera Bathypteris. Anomorrhoea, Thamnopteris. and Zalleskya come 
from the L^pper Permian (Thuringian) of the Ural region. Space 
does not permit a description of their histology, but it may be pointed 
out that the order appears to have been derived from an ancestor 
with a solid stele like the Coenopteralian species Diplolahh Roerwrf 
and to have undergone an evolution more or less pai'alleling that of 
the Zygopteraceae, This line is continued by Jurassic and Lower 
Cretaceous species of Osmundites from South Africa. Xew Zealand, 
and Canada, and by Tertiary species from England, South America, 
and Hungary. Impressions of both sterile and fertile fronds allied 
to Todea are abundant and cosmopolitan in the late Triassic and 
Jurassic and continue into the Cretaceous, while Osmiinda-like frond 
forms are common throughout the Lower and Upper Cretaceous and 
Tertiary in all parts of the world. 

A class of fern>, including the existing heterosporous Rhizocarps, 
or so-called water ferns, includes the order Hydropterales and pos- 
sibly an extinct order, the Sagenopterales. The two existing fam- 
ilies, Marsiliaceae and Salviniaceae, are small, more or less wide- 
spread aquatic forms with dioecious prothalli, exannulate sporangia 
inclosed in sporocarps,'' which are modified frond segments or 
highly developed indusia. Only a single megaspore reaches matur- 
ity in each megabporangiuni. The Salviniaceae coiitain the genera 
Azolla and Salvinia with between 15 eiifl *20 existing spe<ues of the 
warmer regions and the leaves of the latter genus not appreciably 
di tie rent from those of the existing species are found throughout 
the Tertiary pericrl. 

The Marsiliaceae consist of three genera — the monotypic Brazilian 
Regnellidium, Pilularia with about six species and Marsilia with over 
50 widely distributed existing species. The last has been found fos-^il 
as early as the Tapper Cretaceous, but is rare and more or less un- 
certain in the fossil state. The extinct geniK Sagenopteris is based 
for the most part on groups of two to five large asymmetrical reti- 
culate veined pinnules borne digitately at the apex of a long and 
rather rtout stipe and found a'^ impressions in the late Triassic 
(Keuper and Rhaetic) very common in the late Triassic and basal 
Jurassic (Liasdc) with seven or eight species rather widesi)read 
during the Lower Cretaceous and surviving in one or two Tapper 
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Cretaceous species. Associated with some of the older forms are 
oval or spherical bodies thought to represent sporocarps. 

The remainder of the living and fossil ferns, excepting certain 
illy understood extinct types, such as the Devonian and Lower Car- 
boniferous Archaeopteridae and the Mesozoic Tempskya, may be 
grouped together in the Leptosporangiate or Eufilicalean order 
Polypodiales, although there is some evidence for recognizing the 
(ileicheniales and Matoniales as independent ordere. 

The Polypodiales embrace the great majority of living ferns and 
include the most specialized and abundant families. Without tak- 
ing the space to give their diagnostic characters, which appertain 
more especially to the study of recent forms and are admirably dis- 
cussed in many texts devoted to that subject, it will be desirable as 
well as interesting to glance at the geological record of the various 
families. 

The family Schizaeaceae with between 75 and 100 existing, mostly 
tropical species, segregated into the genera Schizaea, Lygodium, 
Mohr i a, and Anemia, appears to be present as early as the upper 
Carboniferous in the genus Senftenbergia of Corda, which had small 
linear pinnules bearing two rows of solitary sessile sporangia, with 
apical annulae of four or five rows of cells. Triassic forms are not 
certainly recognized, but the Jurassic genus Klukia with tripinnate 
fronds shows fructifications that render its reference to this family 
conclusive. Some of the form-genus Cladophlebis (e. g.. C. Brownl- 
ana from Peru) appear to belong to this family, and during the 
Lower Cretaceous the genus Ruffordia of Europe and America ap- 
pears to represent the genus Anemia, while Schizaeopsis, found in 
a fruiting condition in the Lower Cretaceous of Virginia, repre- 
sents Schizaea. The genus Acrostichopteris, based upon sterile 
fronds, which range from the bottom to the top of the Lower Cre- 
taceous, and found in both Europe and America, also almost cer- 
tainly represents an extinct type belonging to this family. In the 
L pper Cretaceous petrified sporangia of the Schizaea type have been 
found in Japan (Schhaiopttri's me^ozawo). Undoubted species of 
Anemia and Lygodium in Europe and America are common and 
wide>pread during the Tertiary, the latter genus being often found in 
fruiting condition. In the poleward spread of subtropical floras 
in the Eocene and early Oligocene, Lygodium is found as far north 
as the south of England, Wyoming, and Kentucky, associated with 
Acrostichum and other tropical forms. 

The family (Ileicheniaceae embraces about 100 tropical and sub- 
tropical gregariou'- species now ^egregated to form the genera 
Gleichenia, Platyzoma, Dicranopteris, and Stromatopteris— the last 
monotypic on Xew Caledonia and Platyzoma monotypic in north- 
ern Australia. 
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Gleicheuias all grow in thickets; the foliage is coriaceous and 
perennial and the growth indeterminate. The fronds branch dichot- 
omoiisly and resunic groAvth season after season, so that in some 
cases the fronds are said to be over 100 feet in length. The j^innae 
are piiiuatihed with small ovate segments or elongate pectinate pin- 
nules. Primitive foliar characters are the dichotomous habit and 
the fre<iuent development of subsidiary pinnae between the normal 
ones. K^ori subglobose, comprising two to six nearly sesj^ile sporangia, 
found on the back of a vein. Each sporangium is surrounded by 
a broad, transverse equatorial annulus and opens vertically. Spores 
are ovoid or tetrahedral, without chlorophyll and Avith a single dorsal 
line. 

The existing species range from China and Japan to Xew Zealand, 
Tasmania, and South Africa in the Eastern, and from Ix)uisiana to 
the Straits of ^Magellan and the Falkland Islands in the Western 
Hemisphere. While largely tropical, temperature is apparently not 
an important factor, since they occur at high elevations in the Andes 
and elsewliere, and range southward to the bleak country of the 
Straits of Magellan. Moisture seems to be the most 
important factor, for AAhile the foliage is more or 
less xerophytic, they do not groAv outside regions 
of abundant rainfall or groat humidity. They are 
common throughout Oceania, being especially 
abundant in the Hawaiian Islands. Their pres- 
ent distribution is clearly indicative of a geological 
history, and fortunately considerable of this history 
is knoAvn. The family is evidently an old one and 
appears to be present as early as the Oarboniferous in the genus Oli- 
gocarpia, Avhich had sphenopteroid foliage and circular sori consist- 
ing of from six to ten pyriform sporangia Avith a complete transverse 
annulus (Zeiller 1888, vide Scott, 1908). The Carboniferous genus 
Oleichenites Ooppert and the dichotoniius branching genera Mari- 
opteris Zeiller and Diplothmerna Stur are all noAv considered as 
probable Pteridospermophytes and it is evident that the Gleichenoid 
liabit of groAvth Avas common in both Paleozoic and Mesozoic, and is 
without special bearing <m botanical relationship. 

The family is not known to have been abundant in the Triassic or 
Jura^^ic, the Keuper genus Mertensides of Fontaine being often 
referred to the Marattiales. A species of Gleichenia Avith well- 
marked fructications is, lioAvever, recorded from the Keuper of 
.Switzerland and the genus is known from the Ehaetian of Fran- 
conia. diira^^ic species are recorded from California, India, Italy, 
and Poland. Throughout the Cretaceous Gleichenia becomes almost 
world-wide in it- distribution. While the number of species has 
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Fig. 4. — Gleichenia 
heerii Berry from the 
upper Triassic of 
Switzerland. X5. 
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jirobably been excessively multiplied, the records show 15 Lower 
Cretaceous forms. These include Greenland, iSpitzbcrgen, California, 
and Mrginia, and the gTeat display of that time was in western 
Greenland. 

Xo less than :i5 different species have been recorded from the 
Upper Cretaceous and the localities include Greenland, Atlantic 
coast of Xorth xVmerica from Marthas Vineyard to Alabama ; Kan- 
sas, Colorado, Wyoming, and British Columbia in the west; Bo- 
hemia. Moravia, Saxony, Ehenish Prussia, and Bulgaria in Europe; 
and Xew Zealand, Sachalin Island on the east coast of Asia. Glei- 
chenia becomes much less abundant in the Tertiary and all of the 
known Teitiary records are pre-Miocene. Four spec ies are known — 
two Oligocene species in Saxony, an Eocene or Oligocene species in 
Nevada, and a middle Eocene species in the south of England. 

The family Matoniaceae with but two existing siiecies of Borneo 
and the Malay Peninsula Avas prominent in older Mesozoic floras 
from the Upper Triassic through the Jurassic, at Avhich time it Avas 
represented by a variety of widespread species referred to the genera 
Laccopteris and Matonidium. Still more interesting is the family 
Dipteriaceae with the single existing genus, Dipteris, with but four 
species confined to the Malay asian region and found growing in 
association Avith Matonia. 

The Dipteriaceae became dominant slightly earlier than the Ma- 
toniaceae, and the magnificent lyrate fronds of some of the species 
are exceedingly common in the Triassic, at Avhich time the genera 
Dictyophyllum, Clathropteris, Thaumatopteris, and Camptopteris 
are represented. They had lyre-shaped fronds of large size, consist- 
ing of many separate or slightly united, serrate margined, and netted 
veined pinnules, arranged digitately on a forking stipe; and annulate 
sporangia much like the existing Dipteris. The striking appearance 
of these forms is better illustrated by the accompanying restorations 
than they Avould be by any amount of descriptive text. Clathropteris 
and Dictyophyllum survived into the succeeding Jurassic, where they 
were on the aa ane, becoming replaced in the Cretaceous by forms more 
like the modern Dipteris and referred to the genus Protorhipis 
(Hausmannia). The sketch map (fig. 5) sIioaa^s the cosmopolitanism 
of the family in the Mesozoic and the restricted distribution of the 
feAv existing species. Eestorations are shown in figs. 32--34. 

Tlie family Hymenophyllaceae, comprising the existing filmy 
ferns, is practically iinknoAvn in the fossil record although scA^eral 
Paleozoic genera (Hymenophy Hites, Eliodea, Acrocarpus) have been 
referred to it upon insufficient grounds. 

Without mentioning the various small modern families unknown 
in the fossil state, there remains the two families Cyathacoae and 
Polypod iaceac. The former are almost exclusively tree ferns in the 
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modern flora. They are represented in the Mesozoic by Coniopteris, 
Dickson i a and Thyr^opteris, to which Deiinstaedtia is added in the 
Tertiary. 

The Polyx^odiaceae, whicli comprise the bulk ot existing ferns and 
exhibit a very great variety in form and habit, are relatively modem. 
Some at least of the older Mesozoic species which are referred to the 
form genus Cladophlebis belong to this family, Cladophlebis which 
appeared in the Triassic became cosmopolitan in the Jurassic and 
Lower Cretaceous where it was associated with species of Onychiopsis, 
Aspleniuin, Dryopterites, etc. Pteris, Onoclea and other genera are 
added in the Ui)])er Cretaceous, and a great variety of generic types 



Fig. 5.— Sketch map ;>ho\vmg the exi'^ting range and the geologic occurrences of the Dipteriaceae. 


appear in the Tertiary (Adiantum, Polypodium, Acrosticluim, 
Oleandra, Woodwardia, etc.) 

rilYi.rW ARTIIROPHYTA. 

The Arthrophyta constitute a av ell-marked phylum and comprise 
plants ranging in size from herbaceous forms to large trees and 
found from the oldest horizons containing land plants down to the 
present. They are characterized hy invariably articulated and pre- 
vailingly ribbed stems, with the leaves in whorls ( verticillat(‘) at the 
nodes, free or more or less connate, dichotomously compound in the 
earlier groups (P^eiuloborniales, Protocalaiiiariaceae) , i>almately 
lacinate in some Sphenophylleue, progressively reduced during the 
history of the phylum until in the modern forms the stems and 






312 


A:??'XUAL report SMITHSOXIAX IIn^'STITUTION, 1918. 


brunches perform most of the photosynthesis. They are all spomn- 
giophoric and strobiloid, although there is a considerable range of 
variation in morphological and histological details. Some are homos- 
porous and others heterosporous. 

The phylum is unique in that it attained its maximum development 
in the Paleozoic and has been practically unrepresented since Triassic 
times except by the single genus Equisetum, vhich survives to the 
present with less than two score ubiquitous and rather uniform 
species. The stock appears to have been of Pteridophytic origin and 
to have been primitively niegaphyllous. Taxononiically it corre- 
sponds rather closely with the Articulatae of Lignier and the Sphenop- 
sida of Scott. As known at the present time, it consists of tAvo classes — 
the Sphenophyllae and the Calamuriae, and the latter includes three 
rather AA’ell- defined groups or orders, namely, the Pseudoborniales, the 
Equisetales, and the Calamariales, the last including two families, 
the Protocalamariaceae and the Calamariaceae. 

The most primitiAe of these subordinate groups constitutes the 
single order Sphenophyllales of the class Sphenophyllae. This Avas 
a synthetic alliance of mostly small forms that combined certain fern 
characters Avith those of the Calamariae on the one hand, and the 
Lepidophyta on the other. They are regarded as representing the 
specialized descendents of a pro-Sphenophyllum stock, Avhich was 
more truly intermediate betAveen tlie Arthrophyta and Lepidophyta, 
and which is supposed to huA e flourished in j^re-DeA^cniian times. The 
yphenophyllums ranged from the Devonian to the Permian and AN^ere 
practically cosmopolitan except for their partial extinction in Gond- 
Avana land during and immediately subsequent to the Loaa er Permian 
glaciation. They comprise a considerable number of rather uniform 
species, l)ased for the most part upon the impressions of the slender 
jointed ribbed stems Avith nodal Avhorls of cuneate leaves (hence the 
generic name), and long familiar to paleobotanists. 

Their habit Avas much like that of a modern Galium, although 
the genus Cheirostrobus, based upon stiTictural cone material, sug- 
gests that they AAere not invariably small, Aveak-stemmed, clamber- 
ing forms. The ribs did not alternate at the nodes, and conse- 
quently the leaves of successive whorls were superposed and not 
alternating. The leaATs, normally six to a whorl and cuneate, with 
entire or toothed apical margins, were frequently dichotoniously 
laciniate, and in some forms Avith numerous narroAv leaves in each 
AAdiorl, these are legitimately regarded as corresponding to the 
laciniate segments of the digitately lea\ed si)ecies. The stems 
branched fre([uently at tlie nodes. The fructifications were fairly 
large cones, ^U])erficially resembling those of ca la mites. 

Tlie stem anatomy, tlie elucidation of which aa^c oavc in the first 
instance to Renault, Avas characteristic and sufficiently unique. In 
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the center there was a triangular strand of primary wood without 
any pith or parenchyma and either triareh or hexarch in structure, 
with the protoxylem or primitive spiral eleinents at the angles and 
centripedal in its development. The spiral elements sometimes 
pass into reticulate tracheids and the later and more central tra- 



Fi<r. 0. — Types of fniotineation'? of the Sphenophyllale'^. 

1. Sphenophyllum trichomata^um (after Star). 

2. BouTnannites roenieri t after Solm>}. 

3. Sphenophyllostachys (after Zeiller). 

4a. Sphenophyllum majiis from above (after Kid'^ton). 

4b. Two nodes of preceding from the ?ide (after Kid'^ton), 

5. Sphenophyllum daw^oni i>ho\\ing tvo uhorls in median Inngitiidiniil 'portion and external view of a 
whorl of bracU (after Scott). 

6a. Piagram of lran>ver'-o i'cetinn of a complete I'puropliyll of (dieiro^trobus (after Scott). 

6b. Diagram of median longitudinal flection (after Srott ) 

7a. Sphenophyllum fertile, median longitudinaL^eetlou at a node (after Scott); vl, \entral lobe of sporo- 
phyll; vsl, vsj, segments into Mhteh it splilN; dl, dor-'iil lobe of ^porophyll; d-'l, d^-\ segments into 
which it splits. 

7b. Diagram of a single sporophyll a> it would appear in a tramver'O ‘^eeiion of the cone (after Scott): 
vl, vll, ventral lohc'', dl, dll, dor'^al Iobe>. 

die ids are pitted. Secondary wood fornmtion commenced early in 
tlie ontogeny by tlie activity of a normal cambium. The secondary 
wood had its elements vtu’v regularly timuiged and consisted of 
radial series of large tracheids witli bordered pits, chietly on their 
radial walls. Iniei^spersed among the tra<‘h(Mds wore vertical 
strands of parenchyma connected radially by short cells or strands 
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that did not form continuous medullary rays. Beyond the normal 
caiu'bium was the phloem surrounded by internal periderm formed 
by a phellogen, fii’st in the cortex and subsequently passing inward 
until it arose in the phloem itself. In S phe nophyllum imigne^ a 
Lower Carboniferous form of Britain and Silesia, the stem was rather 
larger than the average, although still not over a centimeter in 
diameter, and ditfered in having continuous medullary rays, so 
that the complicated system of vertical and radial parenchyma 
of the later forms may have been a derived rather than a primitive 
feature. 

The leaf anatomy presents no unusual characters except its sti ong 
mechanical construction, thus precluding the idea advanced by some 
botanists that the sphenophyllums were aquatic forms. The root 
anatomy shows no features of special interest. 

At least seven types of cone oi^ganization are known, indicating 
generic, differences unsuspected from the external appearance or 
vegetative habits of the plants. In fructifications of the S. daicsom 
and ;S'. cuneifoihun type, the slender cones consisted of a central 
axis with whorls of proxiinally connate bracts, the latter with long 
imbricated pointed tips. Each bract bore two slender — one long and 
the other short — stalked sporangiophores, so that there were two 
concentric series to each whorl of bracts. A single jiendulous 
sporangium was borne at the tip of each sporangiophore. The 
spores were somewhat variable in size, which has been interpreted 
as indicating incipient heterospory, and appear to have been all of 
one kind. A second type, described from the Polish Carboniferous 
as Boicmamutes roetnen^ had similarly connate whorls of imbricated 
bracts each of which inclosed three concentric verticils of short- 
stalked bisporangiate sporaiigioplujres. A third type, xS. fertile^ had 
peltate bisporangiate sporangiophore^, but was unique in that both 
the. dorsal and ventral lobes were fertile; i. e., the sterile bracts or 
morphologically dorsal foliar lobes were replaced by sporangia bear- 
ing fertile lobes. A fourth type, nnijus^ had lax cones made up of 
repeatedly forked bracts each with four sessile or very short stalked 
sporangia on their upper (morphologically ventral) surface. A fifth 
type, .S. trtchoincftomin. had a single sporangium near the axis on 
each bract. In a sixth form, marginatiun, the sporangiophores 
were borne on the axis instead of on the Ijracts. A seventh and re- 
markabl}^ complicated type known as Cheirostrobus is often made the 
type of a distinct family, the Cheirostrobaceae. It is unfortunately 
known only from a few petrified cones from the base of the Lower 
Carboniferous of Scotland. These cones were large, 3 to 4 centi- 
meters in diameter and about 10 (*entimeters long, and consisted of 
closely packed verticils of compound sporophylls. each of which 
consisted of three upper (ventral) fertile lobes and three lower 
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(dorsal) sterile lobes. Each of the fertile lobes or sporangiophores 
bore four radially elongated hoiiios 2 )orous sporangia. 

This brief sketch indicates that the Sphenophyllae as we know 
them re 2 )resent a diversified and ancient stock clearly related to, but 
more primitive than the Calamariae. Their relation to the Lopido- 
phyta was more remote, the latter showing but slight evidence of a 
mega phyll oils ancestry or of sporangiophores, the sporangia being 
borne directly upon the sporophylls or in their axils. There is con- 
siderable homology in the stelar anatomy of the two groups and it 
seems probable, especially with the variations of strobilar morphol- 
ogy among the Sphenophyllae in mind, that morphologists have 
magnifie<l ihe importance of these features as contrasted with those 
in the Lepidophyta. xVt any rate, the view is advocated here that 
both the Arthrophyta and 
Lepidophyta go back to a very 
a n c i e n t common ancestral 
stock from which also the 
Sphenophy Hales as we know 
them were descended. 

The second class of arthro- 
phytes — the Calamariae, in- 
clude three orders — namely, 
the ancient Pscudoborniales, 
the Calamariales. comprising 
the largo and diversified cala- 
mi tes of the Paleozoic, and the 
Equisetales, sparingly repre- 
sented in the Paleozoic, some- 
what more abundant in the 
Mesozoic, and represented in 
the existing floras as the sole 
survivors of the whole arthro- 
i)hyte phylum. The Pscudoborniales are imperfectly known, being 
based upon impression from the Upjxir Devonian of Bear Island de- 
scribed in the fir^i instance by Ileer as Calwtnte,s nuJJafu.^. The 
main stems were of considerable size, reaching 10 centimeters in 
diameter, with nonalternating ribs. The leaves, of relatively large 
size, were in whorls (probably in fours), short-stalked, and palmately 
and repeatedly dichotomous. The fructifications were long lax cones 
with whorled sporophylls resembling reduced vegetative leaves, and 
the sporophylls bore sporangia on their lower surfaces. These im- 
portant plants, unfortunately too little known, show decisive evidence 
of a megaphyllous ancestry. Scott has suggested a comparison with 
Cheirostrobiis based upon the complexity of the latter and the com- 
pound leaves of Pseudobornia. Irrespective of this somewhat remote 



Fig. 7. — Leaf uf P-^eudobumia ur^ina Xathor^t from 
the Dev-unian of Bear maud. 
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comparison, the Pseiidoborniales in habit and structure, in so far as 
these are known, were evidently allied to the Protocalaniariaceae 
(formerly referred to the genus Bornia) and helji to bridge the gap 
between the Calamariae and the Sphenophyllae. 

The Protocalamariaceae, which are common in the Devonian and 
Lower Carboniferous, occurring as late as the Pottsville formation 
of the L'^pper Carboniferous, are generally referred to the genus 
Archaeocalamites, although the terms Bornia, Protocalamites, Astero- 
calamites, etc., have also been used for them. The stems, most fre- 
quently presented as casts, were often of considerable size; they 
show low, flat, nonalternating ribs separated by shallow furrows; the 
internodes were of unequal lengths and the lateral branches w'ere 
irregularly grouped at some and not at other nodes. The leaves 
were free and in whorls; they were narrow and lanceolate or re- 
peatedly dichotomous with linear or filiform segments. According 
to Eenault the pith cavity was large and surrounded by a woody 
cylinder of wedge-shaped groups of tracheids with secondary rays. 
A carinal canal was located at the apex of each primary group and 
the primary rays were shut olf by interfascicular wood early in the 
course of secondary thickening. In a stem from the basal Carbo- 
niferous of Scotland a considerable arc of centripetal wood w^as 
formed inside the carinal canal — a primitive feature, otherw ise un- 
known in the Calamariales except in the roots. 

Such incomplete accounts as are available indicate that the cones 
may \vd\e exhibited variations comparable wdth those among the 
Sphenophyllae, although much less is knowm regarding the f<n*mer. 
In the cones described by Eenault there were no sterile bracts and each 
sporangiophore bore four sporangia, while in otlier cones (Pothocites) 
sterile bracts appear to have been more or less developed. The leaves 
suggest the Pseudoborniales and some of the Splienophyllae; the stele 
was like that of a calamite, wdiile the absence of sterile bracts in some 
of the cones suggests the Equisetales. There can be no douljt but that 
the Protocalamariaceae represent a more synthetic group than the 
Calamariaceae, although probably ancestral to them and to the 
E(juisetales also. 

The family Calamariaceae w as one of the dominant groups of plants 
during the Carljoniferous and various of its meml)ers often reached 
a large size wuth a corresponding complexity of structure. Pith casts 
upward of 30 feet in length and 1:2 inches in diameter have been 
recorded, and Grand ’Eury estimated the height of some of the French 
calaniites as about 100 feet and w ith a trunk diameter of several feet. 
Secondary w^ood wuis usually formed, although the common mode of 
preservation wuis as casts of the fistular medullary cavity. The 
vascular bundles usually alternated at the nodes. The foliage of the 
Carboniferous forms comprised twe^ main types — namely, Asterophyl- 
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lites — in Y^hicli the leaves were linear acuminate, uni veined, and gen- 
erally free from the others of the nodal whorl. This type of foliage 
is very common and it would seem that the bulk of the cahimites had 
foliage of this sort. The second type of foliage known as Annularia 
was like the former in habit, but the leaves were relatively broader, of 
unequal lengths in each whorl, and appear to have been slightly con- 
nate proximad. It is impossible to correlate foliar branches with 
stem casts, cones, and structural material, so that Avhile all of the parts 



1. Ee^tomlion ofCalainnos (aftrr /jiioli. 

la. itedtiilary cm>i of a Calamite ttoni and braiu h. 

2. Annularia lormif' ilia Uronzn , from Carbonift'ron^ of Boheiiua faftor I mantoli. 

3. A'^terophylliies eiiueetiforinia ( Brongn.) from ('arlioniforoa- of I'nhomia < after rei'=t mantel;. 

4. Tran-'Ver-e ''O"tion of i'tem, CalaimHloudroii, from the rii-jlh>h ( ar1 ■(iniferou- (after >OK'nk). 

5 . Tran^ver'esoc'tion ofroor, V'.trornyrlun, from the Freneh Permian (alter Itenault c p.pith: xl, primary 
centripetal xylem; x2, ^oe<mdary xylemt ph, idiloem rn, endolermi' 1, lacunae m cortex, v.', wall^ of 
lacunae; c, outer cortex. 

of the cahimites are well known in different examples, it is necessary 
to maintain the>e different categories for the different classes of re- 
mains. The foliage \ aried consideraltly not only from sp(‘cie< to 
.-pecie-, but oii the same plant, and while the two foregoing types 
constitute useful form genera, it is not always ])ossible to differentiate 
fhai’plv ladween them. Tln^ genus Xfunatopli yllum of the West Vir- 
ginia Permian hliow'- greatly elongated linetir leaves, from 10 to 20 in 
a whorl, and suggest ^ a moililicatioii in the direction of the Triassic 
Schizoneura and Xeocalamites. 
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Schizoneura, a type of the Permian and Triassic, had leaves which 
were at first united in a sheath or in several broad sheath segments 
that subsequently split into a varying number of multiple-veined 
divisions. Xeocalamites of the Triassic had free univeined leaves 
greatly reseml)ling those of Annularia in some of the late Triassic 
species, Phyllotheca, a Permian and early Mesozoic type, had acic- 
ular, slightly connate, univeined leaves an(l the sporangia were l)orne 
by peltate sporangiophores alternating with whorls of sterile bracts. 
Xematophyllum, Schizoneura, Xeocalamites, and Phyllotheca are all 
based upon impressions, so that a knowledge of the structure or the 
details of organization of their fructifications is unfortunately 
wanting. Structurally calaniite leaves show a central trace sur- 
rounded by a broad zone of mesophyll. 

Several generic types of calamites have been based upon stem 
anatomy. These include Arthropitys (the Calamites vein of British 
botanists) in which the pith was large and hollow except peripher- 
ally, with persistent diaphragms at the nodes. Surrounding the 
pith was a ring of collateral vascular bundles, the protoxylem in all 
but the youngest stems being disorganized to form longitudinal pas- 
sages known as carinal canals. The wood was entirely centrifugal 
in its development. Secondary wood formation started early and 
consisted of scalariform or radially pitted tracheids and variable 
rays which continued with undiminished width through the vascular 
cylinder or tapered outward or were abruptly shut off by interfas- 
cicular wood. The cortex consisted of an inner thin-walled zone of 
cells and an outer denser zone in which there was a very great de- 
velopment of periderm. The courses of the leaf traces was some- 
what varied and more complicated than in the Equisetales, otherwise 
Arthropitys w’as much like an Equisetuni wdth the addition of sec- 
ondary thickening. A second tyi>e. known as Arthrodendron and 
confined to the British Coal INIeasures, had a thin zone of wood, in 
which the priinary bundles were wddely separated by the principal 
rays wdiich consisted of elongated fibrous elements (prosenchyma), 
w’ithin which there w ere secondary rays of parenchyma like those of 
the secondary w’ood. In the latter the tracheids are reticulate, and 
the infranodal canals very large. A third type, Calamodendron, of 
the European Upper Carboniferous and Permian, had radial bands 
of prosenchyma containing secondary rays between the normal rays 
and the radial bands of secondary wood. The roots of calamites pre- 
s(‘r\ed as impressions, which are of widespread occurrence, are 
known as Pinnularia. Structural root material, known as xVstro- 
myelon, shows a uMially persistent pith surrounded by a ring of 
centripetally developed primary w^ood alternating wdth groups of 
prijiiarv pliloem. The zone of secondary wood wu\s wide: the endo- 
derniis appears to have been double ; and the cortex wuis very thick 
with large lacunar intercellular spaces, denoting a sw^ampy or 
aquatic habitat. 
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Great numbers of a variety of calamite cones are known from im- 
pressions, as the large cones of Jlacrostachya, the more openly con- 
structed cones of Huttonia, and the curious cones of Cingularia. 
The two types, Calamostachya (Volkmannia) and Palaeostachya, are 
also represented by a considerable amount of petrified material with 
the structure preserved. In Calamostachya the whorls of peltate 
sporangiophores, each bearing four pendent sporangia, alternate 
C(|uidistantly with usually twice as numerous sterile bracts, which 
are connate or free basally and whose upturned imbricated and 
strenglhened tips effectually protected the inclosed sporangia. The 
latter are elongated sacs with their walls but one cell in thickness, 
but stiffened by ridges, and containing numerous tetrads of spores. 
In some species the spores appear to bo all of one kind (homos- 
porous), although they are somewhat unequally developed in C, 
hlniuyana. Other species (e. g., C, eash>eana) were heterosporous, 
although both microspores and megaspores were borne in the same 
region of the cone. Other species (C, (j)‘a nJciiri/J) had radial sterile 
plates connecting the sporangiophores with the adjacent bracts, thus 
inclosing each group of four sporangia in a radial compailment. 
Although the sporangiophores were borne on the cone axis midway 
between the whorls of sterile bracts, their supply bundles have a com- 
mon origin, forking at the nodes, and that of the sporangiophore 
passing upward more or less across the interval of the internode and 
then bending downward and entering the sporangiophore, thus indi- 
cating that, although widely removed from the bracts, the sporangio- 
phores were morphologically their ventral appendages as in Spheno- 
phyllum. Calamostachya is usually but not invariably as'^ociated 
with the Asterophyllites type of foliage. 

Petrified material of Palaeostachya is less common than that of 
Calamostachya. The former cones differ in having the sporangio- 
phores inserted in the axils of the bracts and inclined upward — 
features usually discernible in impre>=^ion material. The brads were 
imbricated ami more or less connate proximad. The sporangio- 
phores. half as numerous as the bracts, bore four pendent sporangia 
from their peltate tips. Some cones appear to have been homos- 
porous and other heterosporous. It has been (‘ommonly assumed 
from the axillary position of the sporangiophores that Palaeostachya 
was more primitive than Calamostachya, but in one species at least 
of the former the supply bundles pursue an at first ascending and 
sub'^equently descending course similar to what obtains in Calanios- 
tachya. Some of the Palaeostachya cones are of large size and they 
are usually associate<l with the Anmilaria type of foliage. 

Macrostachya is the name applied to exceedingly large cones ot 
calamites j>reserved as impressions. They show considertible varia- 
tion and are said to have been heterosporous. Huttonia includes 
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large cones someAvliat resembling those of ^NlacrostacliTa but more 
open and characterized by a disk-like protective flange pendent from 
the bract vhorh. Cingularia com])rises long and lax cones with 
A\ idely s2)aced whorls of eoherent bracts at light angles to the axis, 
subtended by whorls of nonalternating sporangiophores, equal in 
nunibei to the bracts. The sporangiophores were ligiilate and divided 
distad and each division bore two large pendent sporangia. 



Fig. 0 —Types of C alamito friK hfieaticus. 

1 . F*alaeo.''ta( hya olontiata Pre-^l (after Sehetik.^ 

2 . CaIaraostai h\ a jiiLtioriana Schimper (after Goep]ieri ). 

3a. Traus\ erhebeetmn of eono of Calamo>i.u h} a pa-Mn - thmu-h a whorl of si.oran-ioT bores 

3b. Median vertiealseciK-n of Calamus? ai hya. 

1. DiauTammatii al median se* tiun of lluttonia 

ua. Part ofetme ofCinyularia typit a (after Wet-.^' 

ob. Two sporarmdophores of itre- edirn: seen from below. 

G. PalaeoMatina \era, Wayra m mat ir al me<Jian veil leal sec tu n lafter Huliin-h 
vasetilar tissue hlat k. 
seleriti/ed fcarem h\ ma lined, 
soft parenchyma dot ted. 

On the left the section pusses throiiyli a bundle and on th.' n-hi between 1 i.ndlc-. 

Ihc final ordor of the Culamariae, the E(jui>etale', consists of the 
siiifrle family, bciiii.-etaceae. and compriHs at the proent time the 
Snffle frenio. E(|uisetum. with li.-, to hO ratiier unifoiin, widely dis- 
ti’ihnted, mostly Miiall and chiefly temperati‘ '-pecies of >coni'ing 
i-n>he> or mare’< taili.. The cones are terminal on fertile .shoots or 
on biaiKy-' fi'om the vegetative --hoots, and entirelv’ lack sterile 
biact.s. they consist of peltate .sporangiophores carrying from 5 
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to 10 liomosporous sporangia. The rhizomes or underground stems 
of the species n-ith annual shoots commonly form tubers, and these 
often occur abundantly as fossils, as in the Lower Cretaceous of 
Maryland. The Equisetales were represented by a number of small 
and impei fectly known Paleozoic species referred to the genus Equi-. 
setites. During the Triassic they were represented throughout the 
world by stem casts, often of large size, with alternating ribbed 



stems and the leaves united into sheaths at the nodes. They con- 
tinued as not uncommon type^ throughout the Jurassic in all parts 
of the world, decreasing gradually in size and abundance during 
the later Mesozoic until their status and size in the Cenozoic floras 
was much as in the existing flora. 

The generalized geological ranges of the various arthrophyte 
groups as well as their relative inqmrtance at ditferent periods and 
their filiation are shown in the accompanying diagram. 


















322 


ANJ^UAL EEPORT SMITHSONIAN INSTITUTION, 1918. 


PHYLUM LLPIDOPHYTA. 

The Lepidophyta occupy in some respects an isolated position 
among vascular plants, although there are not wanting students 
who connect them with the Hepaticae or the Sphenophyllales on the 
one hand, and with the beed-bearing plants on the other. The phy- 
lum includes the tiny existing quill worts and herbaceous clubmosses, 
as well as the often gigantic Lepidodendrales, which occupied such 
a prominent position in Paleozoic floras. 

Features which serve to unite the somewhat diverse members of 
this phylum are the small simple leaves, which are spirally arranged, 
and not vertillate, as in the Arthrophyta. All the known Lepido- 
phytes are microphyllous, the only suggestion of a departure from 
a simple type of leaf being the double leaf traee in the Paleozoic 
Sigillariopsis. A second consistent feature is the presence of branch 
gaps and the absence of leaf gaps in the vascular cylinder, which is 
thus cladosiphonic, with an exarch protostele. A third feature is 
the apparently simple relation between the sporangium and the 
sporophyll, which can be interpreted as due to progressive sterili- 
zation according to Bower's well-known theory, or may be explained 
as a reduction from the same or similar sporangiophoric ancestors 
that give rise to the Arthrophyte phylum. 

The Lepidophyta are prevailingly strobiloid and are known from 
the Devonian to the present. Some are homosporous, other hetero- 
sporous, while still other Paleozoic forms had practically crossed 
the boundary that separates spore production from seed foxanation. 
Further details are best given in the discussion of the various types 
which follow. The geologic history and mutual relationships of 
the different members of the phylum are shown in the accompanying 
diagram and in the light of present knowledge may be expressed in 
tabular form in the following manner: 

Order Lypidodendrales : Family Bothrodendraceae, Family Lcpi- 
dodendraceae. Family Sigillariaceae. 

Order Lycopodiales : Family Lycopodiaceae, Family Selaginella- 
ceae. 

Order Isoetales: Family Isoetaceae. 

Order P>ilotales: Family Psilotaceae. 

It will make for clearness to consider the existing forms and their 
fossil representatives before describing the wholly extinct Lepido- 
dendrales. The Lycopodiales comprise the two families Lycopo- 
diaceae and Selaginellaceae. The former includes two genera, Ly- 
copodium and Phylloglossiim. Lycopodium has about 100 widely 
distriimted existing species of mostly perennial erect or trailing 
herbaceous forms of shaded woods, marshes, etc., some tropical 
species epiphytes. But one kind of spores are formed and the 
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sporangia are borne on or in the axils of scarcely modified foliage 
leaYes more or less distinctly aggregated into strobili. 

Fossil species of Lycopodium or Lycopodites, which is often }>re- 
ferred as a less definite name, are especially liable to be confused 
with the foliage of some of the Lepidodendrales or Coniferophytes, 
unless represented by fructifications. Among the rather numei^ons 
forms referred to Lycopodites and scarcely different from the exist- 
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ing forms may be mentioned L. /SYor-Av*/, Kidston from the Lower 
Carboniferous, L, Copp., and T., R( klU Penhallow from 

the Devonian: L. mvrrophylhf:^ (Toldenherg: and Z, Halle 

from the Tapper Carboniferous; A, (Brodie) and Z. 

Scaniiifs Xath. from the Tapper Trias.-ic; L, ftlrafu.s, L. and H., 
Z. tali r rim us Heer, Z. rietoriar Seward from the Jurassic: and 
Z, cretaceum Berry from the Upper Cretaceous. While Lycopodiuim 
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like forms were never appurently very ditierent from wluit they arc 
at present, they represent a very ancient line and were represented 
as a minor element associated with the diversified arboreal Lepi- 
dophyte flora of the Paleozoic. 

The genus Phylloglossiim consists of a single species of Australia 
and Xew Zealand with a reduced tuberous stem and relatively large 
leaves, closely related to Lycopodium^ although by some students 
considered the most primitive ly copod. 

The second family, the Sehiginellaceae, consists of the single 
genus Selaginella, with about 500 species of mostly mesophytic small 
plants not differing greatly from the Ly copod iaceae, except that 
after the mother cell stage the spores differentiate into microspores 
and megaspores. The foliage is usually dimorphic and both foliage 
leaves and sporophylls have a ligule. The cones are not highly 
differentiated from the vegetative leaves. Sometimes but one mega- 
spore is developed in a spcnangium and fertilization may take place 
before shedding, thus illustrating steps in the acquisition of the seed 
habit. Fossil species of Selaginella. unless they are fruiting, are 
not certainly distinguishable from Lycopodites, nevertheless several 
undoubted species have been recorded from the Carboniferous 
lafjinelUtes Suisse! Zeiller. X. pi-itndv rus (Goldenberg) X. eloH<j<itiis 
(Gold), A. seUUdfus (Kidst). Less authentic species are recorded 
from Mesozoic and Cenozoic deposits of widely scattered regions. 

The second order, the Isoetales, consists of the single genus Loetes, 
with about 60 existing aquatic or palustrine species, with a reduced 
tuberous stem and a crowded rosette of gra'-slikc ligulate leaves 
which are relatively larger than in the majority of Lepidophytes. 
Microspores and mega spores are produced, both characterized by 
their large size and by the formation of trabeculae or strands of 
sterile tissue often completely dividing the sporangial cavity. Sec- 
ondary thickening occurs and morphological resemblances to the 
ancient Sigillarias and modern Monocotyledon^ have fre<juently 
been insi>ted upon, although without logical basis. Fossil forms are 
exceedingly rare. Sa[)orta recorded a form. from the LoAver Cre- 
taceous (Barremian) of Portugal [Iso^titiS Cho^dfi). Aside from 
untrustworthy records Isoetes occurs in the Oligocene of Franco 
and the Miocene of vS^vitzerlaiid. 

The third order, the Psilotalc'', i- one Avhich has excited a great 
deal of discussion. It comprises the tAvo genera Psilotum and 
Tmesipteris: the former Avith tAvo species of both Tropics and the 
latter Avith a single Australasian specie>, although more are fre- 
<|uently recognized. Both genera are considered to be more or less 
saprophytic. The sporophylls of Psilotum consist of a much 
shortened bifurcated axi'- bearing adaxially a bilocular or trilocnlar 
synangium producing but one kind of spores. In Tmesipteris the 
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sporopliylls, alternating with foliage leaves, or more or less zonal in 
their develoinueiit, consist of a short axis terminating in a pair 
of lanceolate lobes and bearing adaxially an elongated bilocular 
slightly stalked synangiuiu, and producing but one kind of spores. 
Both genera show a decided tendency toward repeated branching of 
the sporophylls, a feature much emphasized by Thomas, Scott, and 
Bower, but believed by the writer to be without significance. 
Whether the sporophyll be regarded as morphologically a branch or 
a leaf is disputed. 

Those who accept the latter view regard the Psilotales as sporan- 
giophoric and closely related to the Sphenophyllales. Others consider 
that the necessities of nutrition of large sj^orangia with many spores 
resulted in the formation of sterile plates, such as occur in Isoetes 
and in the sporangia of some of the Lepidodendrales, and regard the 
bi- or trilocular sporangia of the Psilotales as septate unilocular spo- 
rangia. Tlie view that these masses of sterile tissue may represent 
vestiges derived from sporangiophoric ancestry has not been suffi- 
ciently emphasized and will be referred to in a subsequent para- 
gi^aph. Meanwhile, it may be said that the action of Scott and 
others in separating the Psilotales from the Lepidophytes and group- 
ing them with the Arihrophytes is greatly to be deprecated. The 
fossil history of the Psilotales is unknown. Various fragmentary 
specimens described as Psilotites are without value. Among the 
doubtful forms that have been related to the Psilotales are the 
Devonian genera Psilophyton, Dimeripteris and Pseudosporochus, 
and the Permian genus Gomphostrobus. 

The order Lepidodendrales merits a more extended considera- 
tion than has been accorded the preceding three orders. It consists 
of three well-marked families very prominent in Paleozoic floras, 
the Bothrodendraceae, Lepidodendraceae, and Sigilhiriaceae, to 
which should possibly be added the Pleuromoiaceae for the recep- 
tion of Triassic Sigillaria-like plants. xVlthough herbaceous re- 
mains are known, the vast majority of the Lepidodendrales were 
arborescent and some of them reached a height of 100 feet or more. 
The most ancient of these families, the Bothrodendraceae, unites in 
many respects the features that later characterized the Sigillaraceae 
on the one hand and the Lepidodendraceae on the other. The 
Bothrodendraceae are especially characteristic of the Devonian and 
Lower Carboniferous. They were cosmopolitan and their abundance 
may be indicated by the fact that the so-called paper coal of Russia 
consists almost entirely of their flattened cuticles. A number of 
generic types have been recognized, although our information re- 
garding them is vague in a good many particulars. 

1306r>0°— 20 22 
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Bothroclendron, or Cyclostigma as it lias frequently been called, 
is not very different in the appearance of impressions ot the stem 
from some species of Sigillaria. The stems Avere dichotomously 
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Fig. 12. imi'fifirationi, leave‘s and boL>tcrs of various fassil T^epidoph\i:es. 
(Explanation for fifrure on next pace.) 
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branched. Bolsters are usually wanting and the leaf scars are re- 
mote, small and circular or rhomboidal, they show a central leaf 
trace scar and two lateral parichnos scars; immediately above and 
close to the leaf scar is a small ligiilar pit. The leaves were small, 
linear lanceolate, uiiiveined, and more or less persistent. In one species 
{B. initicfatuni) the self-pruning of branches resulted in the large 
scarred impressions known as Ulodendron. The term Khytidoden- 
dron has been used for some species and recently the genus Poroden- 
dron has been proposed for certain forms from the Lower Carbonif- 
erous of Russia and Spitzbergen that Avere formerly referred to 
Bothrodendron. Anatomically, the stems show either a small pith 
or a solid core of wood Avith external protoxylem. The secondar}^ 
zone of wood was thin and the cortex Avas less differentiated than in 
the Lepidodendrales. 

A cone. Le indo>itrobu^ OJryi Zeiller, Avhich is considered to have 
belonged to Boflir(Hh‘i}flroih nditndifolhim is of the usual Lepidostro- 
bus tA'pe Avitli elongated s[X)rangia. A small cone with a histology 
that suggests its haAung been borne by Bothroflcixdvon mtindum lacks 
the radially elongated sporangia and instead has them extended 
upward inside the shaiply flexed bracts and is conspicuously ligu- 
late. It bore microsporangia in the distal and megasporangia in the 
proximal region. Another type of cone, Lepldodr<d)u,s Zeiller^ 

Explanation for Fig. 12. 

A. LepidfK arpoti hiniaxi Sc‘<Ut 

1. tanj::<'ntial sf'ctinn faftPr S(Oii t 

2. dia^Tam of spotoph}'!!, m, iiiKTOpvlo, St. stele (after Seward). 

3. tangential se< tion near di'^tal end of immature sporophyll; I, limile (after Srott). 

B. Miade^mia membranat ca tnuxlified from Scott i: 

1. tanu:eatiaLe<‘tionla and lamina of bra^t forming uings; v, velum orintegiiraent^nth its processes; 

sporangium. 

2. radial median seetion m, mieropyle. 1, ligule. 

C- Pina koden< Iron oh inarm, megasporangiate spomphyll ('after Kidston). 

D. Speneerites in >igni‘^ (after William'^on): 

1. spore showing wing in surface \ iew, sp. c avity, w, 

2. tetrad in section showing .3 spores. 

E. Afazocarpou. Diagrammat ical transc erse section of meiiasporoph y 1 1 (after Benson). 

F- Lepidostrobns veltheirnianus, me<lian vertical sei turn. 

G. Same showing mcgaspore, Af, and microspore, m, in section (after Kidston): 

2. single mcgaspore in surfai c \ lew. 

H. Cantheliophorus, 1, radial and 2, transverse se> tion (after Bassler i; 

a, axis; b, blade; c, pedi< le; d. sporangium e, brai e, f. crest . g, keel; h, guard. 

K. Bothrostrobus, me<iian vertical sec tion (after A^'ats(lnJ 

L. Sigillana spinulosa (after Renault ): 

1. leaf from below showing furrows and s< ar. 

2. tangential .sei'tion of outer cortex showing leaf trace and parachnoi: 

pa, para< Imoi, x, xylem, primary abo\e, secondary below; tr, phloem; s, sheath of bundle. 

M. Sigillaria latifolia. transverse pe<T ion of leaf (after Renault); 

x.xylem; s, schlerenehyma, tr, tninsfusion tt^suc; g, stomatifemus furrow>. 

N. Lepidndondron buEter. 1, surfa< e ^ lew; and 2, in median radial section: 
a.ligulc; b. leaf and leafsi ar: c, leaftrai o. e. parachnoi. 

O. Sigillaria bolster in surfaee view: 

a, ligiile; b leaf scar; c, leaf tni' e. e, [laraehnoi 

P. Spenc-eritO'' m-ignis. Diagrammatical radial section showing two sporophclls with megaspecrangia 
(after Berridge). 
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which may belong to Bothrodendron tcnernnmm^ appears to lack 
sterile bracts. 

Another genus, distinguislied from Bothrodendron by the surface 
ornamentation of fine raised lines betw een the remote leai scars, is 
Pinakodendron. Several species have been described, and in one, 
P. OJirruumU the megasporangia were attached to the basal adaxial 
faces of the sporophylls of the same size and form as the foliage 
leaves, and borne on certain parts of the branches, but not terminal 
as were most Lepidophyte cones. 

Other genera of somewhat doubtful affinity are Leptophloeum 
in which the leaf scars are more crowded, and Omphalophloios in 
which rhomboidal bolsters Avere developed. Leptophloeum occurs in 
the Devonian or Lower Carboniferous of North America, Europe, 
Asia, and Spitzbergen, while Omphalophloios is found in both 
America and Europe. 

Other related forms are referred to the genus Archaeosigillarea or 
Protolepidodendron. The most remarkable of these is a large trunk 
from the Middle Devonian of New York shown in figure 28. The 
actual specijuen, preserA^ed in a fine-grained blue shale, was 5 
meters in length and 38.5 centimeters in diameter at the swollen butt, 
and 12 centimeters in diameter at the distal end. In appearance the 
slender arching bifurcating l)ranches Avith the su])ulate falcate per- 
sistent lea APS gave it a Aveird aspect. The SAvollen ba^e and tapering 
stem indicate some secondary thickening. At the base, rootlets simi- 
lar to those of Stignuiria are preserApd. The leaf cushions at the 
base are distant and irregular. Higher up they are in APrtical rows 
on ribs separated by angular furrows as in Sigillaria, AAhile still 
higher up they pass gi^adually into typical rhomboidal spirally ar- 
ranged Lepidodendron bolsters. The leaf scars are in the upper part 
of the bolsters, obovate in form or slightly cordate above, and shoAv 
a suhcentral leaf trace scar flanked by crescentic parachnoi, Avith a 
well-marked Hgular pit immediately above the margin. Protolepido- 
dendron thus unites the features of Lepidodendron and Sigillaria 
in one synthetic type and it seems probable that the majority of 
DeAonian forms that have been referred to those two genera really 
represent Protolepidodendron. Other species liaAp been recorded 
from Aprious European DoAPnian localities. 

In the family Lepidodendraceae, the majority of the species 
were tall trees reaching in some cases a height of 40 jiieters, Avith a 
straight shaft unbranched for a long distance aboAP the ground, 
with a den>e (‘roAvn of dichotomously forke<l branches covered Avith 
crowded mas-.es of long nari'ow simple leaAos spirally arranged, and 
with large terminal cones. The leaves aapip ultimately shed from the 
older portif)n'< of the trunk and the geometrically sculptured stems 
are among the commonest of Carboniferous fossils affording the 
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characters by which several hundred species have been distinguished 
and utilized for stratigraphic purposes. The perfection of preserva- 
tion of these trunks surfaces indicates an absence from the Car- 
boniferous forests of the numerous parasitic and epiphjdic forms 
which crowd tree trunks in the present diy tropical forest. 

The essential features of the surface markings are of considerable 
importance. The leaf cushions or bolsters were crowded in spiral 
arrangement with angles above and below, and rounded sides (rhom- 
bic), always longer than broad and truncated above the middle, 
where the abcission of the leaf occurred. The leaf scar is subcircular 
and shows three scars — a centi'al one representing the leaf trace and 
laterals on each side known as parachnoi. Just above the leaf scar 
is a small triangular print left by the ligule, while below the leaf 
scar there are frequently two rounded prints or depressions on 
either side of the keel which, like the parachnoi, are tracts of thin- 
walled tissue which functioned as aerating tissue. Other markings 
of an ornamental character are frequently present on the bolsters. 
With the decay of the cortex the characteristic Lepidodendron fea- 
tures gradually become obliterated. If merely the epidermis is gone 
the resulting features are those of Berger ia, once thought to rej^re- 
sent an independent genus. If decay has removed part of the cortex 
the forms are known as Aspidaria, and if all of the outer cortex is 
gone showing the imbricated leaf traces it is known as Knorria. 

Anatomically the stem is monostelic with centripetal primary 
wood, which may extend to the center or inclose a pith. There 
is usually a considerable development of centrifugal secondary 
wood consisting of sc aliform tracheids and inedullary rays. Pri- 
mary phloem has been recognized but there is some doubt regarding 
the presence of secondary phloem or of any persistent cambium. In 
forms that have not been demonstrated to have formed secondary 
wood, secondary thickening takes place in the outer cortex througli 
the development of a periderm. 

Leaf traces, collateral in structure, pass olf from the stele without 
leaving any gaps and pass obliquely through the cortex to the leaves, 
each leaf receiving a single bundle. The cortex is of gi*eat thick- 
ness and variable according to age and species. Usually there is 
an inner parenchymatous zone poorly preserved. The outer cortex 
consists of thicker walled elements, usually with an enormous de- 
velopment of phelloderm, which served for the lack of mechanical 
tissue in the vascitlar cylinder. 

The leaves had a single central vascular bundle surrounded bv a 
sheath of transfusion tissue and the stomata are commonly restricted 
to two deep grooves on the lower surface. What corresponds to the 
roots in higher plants are peculiar organs known as Stigmaria, 
which as casts or impressions are among the commonest coal measure 
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fossils, particularly in the underclays beneath the coal seams. In 
complete specimens the main axis is seen to divide into four main 
forks which run horizontally and branch dichotomously. The sur- 
face is smooth or irregulai*, wrinkled, and covered with well-spaced 
umbilicate scars from which, in well-preserved material, cylindrical 
radiating rootlets are seen to diverge. These are slightly constricted 
at the base and lack root hairs. These are so common that the under- 
clays are often called Stigmaria clays, and they are the pest of stu- 
dents of petrified material, since they are found penetrating the 
tissue of other plants that formed the substratum in the Carbonifer- 
ous swamps. The main axis consists of a central pith, a ring of 
centrifugal wood accompanied by phloem and surrounded by a cortex 
with abundant periderm. Sometimes no distinction lietween pri- 
mary and secondary Avood is observable, while in other specimens 
centripetal primary wood is present. The rootlets shoAv a ditlerent 
anatomical arrangement, each containing a monarch stele, Avith radial 
vascular strands connecting the protoxylem Avith groups of cortical 
tracheids. They arise from the inner margin of the primary AA^ood, 
although the outer cortex is continuous Avith that of the main axis. 

Stigmaria haA^e frequently been found attached to both Lepidoden- 
dron and Sigillaria trunks. There has been imich discussion regard- 
ingthe morphological nature of Stigmaria, since they do not conform 
to the usual morphologA^ of true roots, but whatever their inorphologi-. 
cal homologies, jihysiologically they are roots. 

The fructifications of the Lepidodendraceae have been described 
under a A^ariety of generic names, the moht common being Lepido- 
strobus. Lepidostrobus had an axis similar anatomically to a vege- 
tatiA^e twig and bore numerous spirally arranged sporophylls. eacli 
bearing a single very large radially elongated sporangium on its 
adaxial surface. The sporophyll had an upturned blade and these 
formed an imbricated protective surface for the cone. Between the 
sporangium and the blade a ligule Avas present. It seem- probable 
that the Lepidodendrons Avere ahvays heterosporous, the tAvo kinds 
of spores being produced on ditferent parts of the same cone or upon 
different cones. The micro^pores Avere small, tetrahedral in form, and 
very j)lentiful. The mega spores Avere relatively very large, fcAv in 
number, tetrahedral in form, with a liairy surface and commonlv 
opening by apical flaps. The prothallus Avithin the mega^^pore is oc- 
casimially preserved and cA^en arcliegonia ha\e been recognized. In 
am-thei* cone genus, S])enceritos, the sporangia Avere united to the 
sporo])hyll by a <li-tal neck and the spores were winged. In some 
rAq)idodendron cones large masses of steiile tissue are developed 
within the sporangia sugg(‘sting a A^estigial sporangiophore, and in 
iVrazocaipon the large saii-age-shaped megaspores are imbedded in a 
solid pareiichynmtous tissue. 
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Still another type of Lepidodendron fructification was Cantlieli- 
ophorus in which the sporophylls were commonly deciduous. Each 
sporophyll bore two large sporangia separated by a median sterile 
plate interpreted as representing the sporangiophore of the ancestral 
pro-Sphenophyllum stock. 

Ulodeiulron branches have also been formed on certain species of 
Lepidodendron, and other Lepidodendron shoots, known as Halonia, 
are characterized by spirally disposed scars or tubercles thought to 
indicate the points of attachment of cone peduncles. 

The vast majority of stem impressions represent minor variations 
of the common Lepidodendron type. In the genus Lepidophloios 
the bolsters were very prominent and became recumbent in old age, 
so that the normal leaf scar appears to be at the base. The Halonia 
branches with their spirally stalked deciduous cones aj^pertains par- 
ticularly to Lepidophloios, which, anatomically, was exactly like 
Lepidodendron. 

The Sigillariaceue are much like the Lepidodendrons in essential 
features, but differed considerably in habit. They attained their 
maximum development in the Upper Carboniferous and gradually 
waned during the Permian, although they appear to have survived 
into the Lower Triassic. The trunks were generally massive and for 
the most part unbranched, giving them a peculiar aj)pearance and at 
one time suggesting a relationship with the cycadophytes, since dis- 
credited. 

Some specimens 6 feet in diameter at the base had tapered to 1 foot 
in diameter IS feet above the base, while a French specimen was found 
prescrv^ed for a length of 71 feet, which was '1 feet in diameter at one 
end and 1 foot 8 inches at the other. The leaves were persistent 
toward the top of the stem and in some cases were very long and gi*ass- 
like. Stem impressions, which, like those of Lepidodendron, are 
exceedingly common throughout the coal measures, can readily be dis- 
tinguished by their vertically arranged scars often on prominent ribs, 
by the slight dcAelopment of bolsters, and by the scars being wider 
than high, with the angles at the sides and rounded above and below. 
Very many species have been described and the variations observed 
are very useful for stratigraphic purposes, and have resulted in an 
elaborate analysis of the types of surface ornamentation. These fall 
naturally into two main groups : The EuSigillariae with ribbed stems, 
and the Sul)Sigillariae with smooth sterns. 

The Eusigillariae show broad longitudinal ribs separated by fur- 
rows and are segregated into two subordinate groups: i. e., Favu- 
laria, in wdiich the ribs are separated by zigzag furrows and the scars 
by transverse furrows; and Ehytidolepsis. in which the ribs are sepa- 
rated by straight fuiTOws and are often much broader tlian the close 
set or spaceil scars. Where the funows are broad and intercalated. 
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narrow ribs without leaf scars are developed. The forms are some- 
times set apart under the name Polleriana, and when transverse fur- 
rows appear, the forms are grouped under the name Tasselata. 

The various stages of preservation yield characteristic surface 
features thought to indicate distinct genera by the older students 
but useful now as descript ii^e terms. Thus when partially decorti- 
cated, the inwardly enlarging strands of aerochyma result in vertical 
rows of pairs of lai’ge mammilae, and such stems liave ])oen called 
Syringodendron. Petrified material of Sigillaria is rarely found. The 
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Fig. n. —Types of Sigillaria stem oruamentation (diagrammatit ). 


A. L(do(h*rmaria’l 

B. riaihra.u 


C. Tassebta 1 
U. IlhytidoIepHl 

E. Pollenaia 

F. Favularia J 


Eu''igillariae. 


pith was very large and the vascular cylinder thin and sometimes 
broken up into separate bundles. Tracheitis were reticulate or 
scalariform. increasing in size centripetally. Secondary wood con- 
sists of radically arranged scalariform and pitted traclieids, cen- 
trifugal in development with narrow medulla rv ravs. Cortex was 
thick with an inner soft zone and an outer mechanical zone as in 
Lepidodendraceae, The leaf traces had an inner centripetal pri- 
mary strand surrounded by a centrifugal secoiidarv zone. The 
leaves are much like those of Lepidodeadron with a central con- 
centric vascular strand surrounded by a considerable development 
of transfusion tissue. Tn some instances the strand is double. The 
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cuticle was dense and the stomata were confined to the two furrows 
on the lower side which were clotlied with multicellular hairs. 

The cones of Sigillaria, usually going by the name of Sigillarios- 
trobus, arc common as impressions, but are practically unknown 
in a petrified condition. They were often very large, being as 
much as five or six cm. in diameter in S. nolnlU, They agree in 
having long pedimcles covered Avitli needle-like bracts. The fertile 
part ]>ears crowded sporophylls of somewhat variable shape with 
flexed and imbricated distal blades. The sporangia were some- 
times attached for nearly their whole length to the adaxial face of 
the si^orophyll, while in other cases they are thought to have been 
attached distally. Some cones are Imown to haA^e been heterospo- 
roiis and this was probably the rule throughout the family. It Avas 
formerly thought that both the Lepidodendraceae and Slgillaria- 
ceae became extinct Avith the Paleozoic, but cones considered to be 
related to the Lepidodendraceae and named Lycostrobus are re- 
corded from the Upper Triassic (Rhaetic) of S\^edell and certain 
remains from the Lower Triassic (Bunter) of Europe, Icnown as 
Pleuromeia and sometimes made the type of a separate family, are 
now belieA'ed to represent the Sigillariaceae. Pleuromeia, which is 
imperfectly known, is represented by stem casts of simple stems 
nine to ten cm. in diameter, the surface coA^ered with remote rhom- 
boidal, Clathraria-like, leaf scars. 

Basally the stem separates into four lobes suggestive of Stigmaria 
or Isoetes and covered with rootlet scars like those of Stigmaria. 
Poorly preserved terminal cones of croAvtled imbricated sporophylls 
are also known. The form of the stem and the growth separation of 
the leaf scars indicate secondary thickening: decorticated specimens 
resemble Knorria, and the thin central cylinder all point to a close 
affinity Avith the true Sigillarias. The cone genus Poecilitostachys, 
described by Fliche from the Triassic of France, also indicates a third 
type of the Lepidodendrales which survived the Paleozoic. 

There remain for consideration two examples which indicate that 
some of the Lepidophytes had definitely progressed lieyond hetros- 
porA^ to what amounts to the acquisition of the seed habit. The first 
of these, unfortunately designated by the preoccupied name of Lepi- 
docarpon, comes from the lower Coal Measure of England. In 
Lei)idocarpon the cone was of the Lepidostrobus type in all its imma- 
ture details. Only a single megaspore reached maturity in each 
sporangium, practically filling the Avhole cavity, and as it matured it 
Avas inclosed Avith a complete in\ estment (integument or velum) Avhich 
grew up from the adaxial surface of the ^po]*oj)hyll and ojiened only 
by a narrow apical micrt)))y I ar slit. At maturity the Avhole sporophvll 
with its integumeuted megasponnigiuin was shed as a closed seed-like 
reproductive body. 
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The second speriii02diytic Le2iidoi)hyte tyjie, known as Miadesmia 
and coming from the Lower Coal Measure of England, was borne on 
a slender herbaceous form. Each sporojihyll bore a ligiile like those 
of the vegetative leaves and had a fringed lamina. The inegaspor- 
angium was attached to the proximal adaxial face of the sporojihyll 
and devdoj^ed a single megasjiore, which tilled its cavity, and was 
inclosed in an integument arising from the proximal region of the 
sporophyll, Avhich completely invested the mega sporangium, except 
for a circular micropylar opening at the beak-like distal apex of the 
sporangium. The micropyle was surrounded by numerous integiimen- 
tal hairs or tentacles, which probably facilitated fertilization. Some 
megaspores are filled with iirothallus. The whole sporophyll was 
shed at maturity. In some respects Miadesmia was more advanced 
than Lepidocarpon, and while neither are morphologically homolo- 
gous with the seeds of the other s^iermoiiliytes, they are pln siologic- 
ally true seeds, which apparently did not evolve further along lines 
leading to higher plants, as did the seeds of the Pteridos^jermophytes. 

It can not be said that there is any unanimity of opinion regard- 
ing the phylogenetic position of the Lepidophyta. Some students 
regard their origin as entirely independent of the Arthro])hyta, 
while others regard them as probably di-^tantly related to the pro- 
Sphenophylluiu stock that represented the Aiihroiihyte ancestral 
line. At the other end of the phylum there are students (Seward, 
Potonie) who consider that the Araucariales and jieihaiis the bal- 
ance of the Coniferophytes diverged from the Lepidox)hyte stock, 
while others justly doubt that the phylum had any higher issue. 

The view advocated here, an o^iinion frequently advanced, is that 
the Lepidophyta represent a group of forms derived by reduction 
from more megaphylloiis ancestors, and that the prevailingly simple 
relationship between the S2)orangia and the sporojilivlls is due to 
simplification or reduction froiu sporangiojdioric ancestors closely 
related to the theoretical in-o-Sphenophyllum type. This view is based 
in part on a consideration of the paired sporangia of Canthelio- 
j>horiis with their central sporangiaifiioric plate, on the ventral pad 
of S penceri tes, the core of sterile tisstie in ^lazocaiqmn. the sterile 
plates in various Lepidostrobus sporangia, and the stalked s^^orangia 
of the modern Psilotale'^^. A consideration of the details of mor- 
{ihology and the fossil record, too extensive a subject for presenta- 
tion in the present brief review, leads to the conclusion that the 
Lepidophytes are not related to any of the higher seed plants and 
never gave rise to more lughly organized typo«. 

rirvLun F’TEinnosprnwonivTA. 

The recognition and partial ehuddation of the seed ferns of the 
Paleozoic is one ol the outstanding jialeobotanical achievements of the 
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last decade. It is needless to dwell on the immense advantages which 
seed bearing confers on the plants which have acquired this habit. 
The mere fact that seed plants are the dominant existing plants is 
sufficient proof of this. 

Over a generation ago Stur suggested that the fronds of Neurop- 
teris, Alethopteris, and other form genera of fern-like fronds exceed- 
ingl}" common in the Paleozoic were probably related to the cycads 
since they were never found in a fruiting condition like normal 
ferns. Subsequently the anatomy of certain petrified stems showing 
a combination of fern and cycad characters led to the proposal of a 
group, the Cycadofilicales, for these intermediate types. Meanwhile, 
the structure of a considerable number of Paleozoic seeds suggestive 
of cycads, ginkgos, and gnetales had l^een described, but beyond corre- 
lating some of them with Cordaites little was known of the plants 
which bore the majority. In 1903 Oliver and Scott succeeded in 
proving that certain seeds (Lagenostoma) were borne on fronds of 
the Sphenopteris type and these in turn were attaclied to stems known 
as Lyginodendron. This disc(wery stimulated an interest in the sub- 
ject and a succession of discoveries followed, so that enough is now 
knoAvn to warrant considering a large number of the supposed Paleo- 
zoic ferns as Pteridosperms or seed ferns. The manifestly primitive 
characters show" in one feature or another, such as the more or less 
free nucellus, the complex vascular supply of the seeds, their total 
lack of an embryo, the fact that both megasporangia and microspo- 
rangia were borne upon but slightly modified foliage leaves of de- 
compound fernlike fronds, and various recondite histological charac- 
ters, justify regarding the seed ferns as representing a distinct phy- 
lum — the Pteridospermophyta. They were gymnosiJermous in habit 
and some students regard them as a subordinate class of gymno- 
sperms — a taxonoimc term that has outlived its usefulness for other 
than descriptive purposes. 

The Pteridospermophyta may be tentatively characterized as plants 
with the habit and, to a large extent, with the anatomical features of 
ferns, but differing in producing integumented megasporangia or 
seeds borne on the usually but slightly modified fernlike foliage and 
never aggregated into true strobili ; having secondary thickening in 
both stems and roots. 

From the rapidly increasing contributions to the knowledge of the 
Pteridos])erms it will suffice to describe a few of the better known 
forms. Among these the best know n is Lyginodendron, or Lyginop- 
teris as it is more properly called. Lyginopteris represents a group 
of species with slender, scrambling, mostly unbranched stems of c(m- 
siderable length bearing large forked decompound fronds upward of 
a meter in length and long known under the name of Sphenopteris 
Hoeninyhausi^ whose persistent petioles (Rachiopteris) w"ere almost 
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as large as the main stein on which they were arranged in a two-fifth 
spiral. The roots (Kaloxylon) were partly adventitious, the >stem 
cortex was fibrous and reticulate and was clothed with spines and 
capitate glandular hairs. The seeds (Lagenostoma) w^ere borne in 
lobate cupules while the pollen w^as on the other and more reduced 
fronds in rosettes of six or seven fusiform bilocular sporangia (Cros- 
sotheca). The accompanying restoration gives an idea of the habit 
of Lyginopteris, but fails to show’ the forking of the frond stipes. 

The absence of an embryo has led to questioning the use of the term 
seed for Lagenostoma and other Paleozoic forms. They are indubi- 
table seeds, however, and the absence of an embryo may be explained 
by the resting period having occurred after pollination, wdiile embryo 
formation was postponed until after the seeds had been shed, and 
immediately preceded germination. 

Lyginopteris was monostelic with a large pith containing sclerotic 
tissue. Primary wood consisted of from five to nine collateral 
strands. In all but the most immature stems there is a broad zone of 
secondary wood of pitted tracheids and medullary rays. The cam- 
bium w as persistent and is sometimes petrified, as is the phloem. The 
cortex comprises a thin periderm and an inner, poorly preseiwed soft 
cortex and an outer cortex characterized by radial bands of fibrous 
tissue. Leaf traces are mesarch and double. Anomalous features 
are the occasional formation of inverted secondary wood by the in- 
trusion of the cambium through a foliar gap. 

The seeds, a or 0 minims in length, w’ere borne in a lobed cupule 
and were orthotropous and radially symmetrical, with a single in- 
tegument confluent with the nucellus except distad. The free part 
forms a plug and the pollen chamber was hence reduced to a conical 
slit. The integument was supplied by nine vascular strands which 
ran to the apex, which formed a fluted dome or radially septate canopy 
at the apex of the barrel-shaped seed. 

The microsporangia were found in connection with vegetative 
fronds by Kidston. They are of a type knowm as Crossotheca and 
consisted of a rosette of six or eight bilocular fusiform sporangia. 
Other types of microsporangia may w’ell have been present in dif- 
ferent species of Lyginopteris, as, for example, those called Telan- 
gium, in which the sporangia are concre^cent proxinuul. A second 
genus of seed ferns which is fairly w^ell known is Heterangiiim, 
which had long angular slender stems w ith large and graceful forked 
{ASphehopf^ria vli ffcuty Brongn.) fronds arranged in a three-eighths 
spiral. While the evidence is less conclusive than in Lyginopteris 
there are good reasons for considering the seeds knowm as Sphaeros- 
toma as those of Heterangiiim. Heterangiuiu had a monostelic stem 
like Lyginopteris, but the pith was re])laced by mesarch pi’imary 
w’ood, as in some recent ferns. The secondary zone wnis thin. The 
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seeds (Spliaerostonia) are small with an inner integument and an 
outer integument or cupule, both with an elaborate vascular supply. 
The free apical part of the niicellus is a relatively flat plinth sur- 
mounted by a central dome or lagenostome, which is surrounded by an 
annular pollen chamber. The free apical part of the integument 
formed a frill or canopy with eight radial crests around the micro- 
pyle. Heterangium has a greater range than Lyginopteris, being 
found from the Lower Carboniferous to the Permian. Seeds of Lygin- 
opteris or Heterangium are found in the French Coal Measures asso- 
ciated with the frond genera Sphenopterls elegans^ S. dissecta^ and 
S. ohtusiloha, 

A second family type to Avhich at least four genera are referable is 
the Medullosaceae. These are characterized by the enormous devel- 
opment of the fronds of the Xeuropteris and Alcthopteris type with 
petioles several centimeters in diameter. This enormous display of 
foliage is doubtless to be correlated with the peculiarities in the 
anatomy of the stems. The most primitive known genus, one indi- 
cating the point of departure of the other and more specialized mem- 
bers of the family is Sutcliffia of the English Lower Coal Measures. 

Sutcliffia had a large pithless central stele of centripetally formed 
wood from which meristeles branch and divdde and fuse irregularly 
and eventually give rise to leaf traces, a large number of which enter 
each petiole, where their structure is concentric. Secondary wood is 
but feebly developed. The next stage in the evolution of these forms 
away from the Heterangium type is furnished by MeduJlosa anglka^ 
wliich is polystelic with normally three steles each developing second- 
ary wood. The stems were as much as 7 or 8 centimeters in diameter 
and bore spirally arranged decompound fronds Avith decurrent 
petioles. Many adventitious roots were formed. 

Without stoi)ping to dwell on tlie histological details we pass to the 
exceedingly complex Meduilosas of the Permian, in which- the steles 
become Amy numerous and are dilferentiated into inner “ star rings ” 
and outer “plate rings’" systems, the latter forming a peripheral zone 
which is an almost closed woody cylinder. Successive extrafascicii- 
lar zones of wood and bast were developed in several species. The 
leaf traces which are at first concentric break up into strands with 
external protoxylem, scAeral from dillerent levels of origin entering 
each petiole. The peculiar arrangement in these later Meduilosas is 
a necessary outcome of large polystelic stems Avith secondary thick- 
ening and af>pears to haA'e constituted a rather impractical experi- 
ment in attempting to deA elop secondaiy thickening around numerous 
steles in a single stem. If the theory advocated by Worsdell, Cliodat, 
and others L substantiated, it would ap|)ear that certain of the Per- 
mian Meduilosas solved this problem in the mechanics of stem struc- 
ture by suppressing the centripetal portions of the steles, while the 
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centrifugal and continuous portions characterized forms which passed 
by gradation^ into the Cycadophytes. Scott and Solms Laiibach, on 
the other hand, regard the Medullosaceae as a highly differentiated 
derivative of a Ileterangiuinlike ancestor which became so specialized 
that it became extinct during the Permian. Other genera that 
appear to belong to this family are Colpoxylon, Khexoxylon, and pos- 
sibly Steloxylon, all based upon fragments of petrified stems from the 
Paleozoic of Europe, Africa, and Asia. 

Medullosa petioles are referred to the genus Myeloxylon and 
structural material has been described from both Europe and Amer- 
ica. The foliage of Medullosa was of the frond types known as 
Neuropteris, Alethopteris, and Linopteris; all of Avhich were exceed- 
ingly abundant and cosmopolitan in the later Paleozoic floras. Im- 
presbions from the Scotch Carboniferous diow large Ehabdocarpus 
seeds attached to the fronds of Xeuropteris heterophylla and similar 
but still larger seeds attached to Belgian specimens of X europterh 
obliqua, Schlehani and X. aurlculata have also been shown to have 
been seed-bearing. 

The microsporangia appear to have been four valved and termi- 
nal on naked pedicels in A. heterophylla- or marginal on orbicular 
or cuneate pinnules as in Potoniea, A. ghjantea and A. CarpentlcvL 
Although no seeds have been found in actual connection with Alethop- 
teris there are good reasons for believing that some species at least 
(e. g., ^1. loiu hftlca^ ^i. Serlii) bore seeds of the Trigonocarpus type. 
The latter, which are often exceedingly common as impressions and 
casts, as described from petrified material are elongate-oval radially 
symmetrical. The testa is thick and consists of an outer flesh (sar- 
cotesta) a shell (sclerotesta) and an inner flcbh. The shell has 
tliree longitudinal ribs which characterize the seeds Avhen preserved 
as casts after the decay of the outer flesh. Less prominent lines are 
intercalated between the main ribs. There was a h^ng triangular 
micropylar canal leading to a small pollen chamber in the ai^ex of 
the nucellus and the latter is free to the base. 

Other genera that may represent sporangia of different types of 
Medullosaceae are Codonotheca, Schiitzia, AVhittleseya, Dolerophyl- 
liini, and Ottokariu { ?)• 

The bulk of the remaining types referred to the Pteridospermo- 
phyta are ba^ed upon anatoini(*al studies of .stem or [)etiole frag- 
ments ranging in age from the Devonian (Kalymma) to the Permian 
an<] will not be described in the present connection. In addition to 
these, several types of fronds formerly referred to tlie ferns have 
been proved to i)e ^eed- bearing, as, for instance, fronds referred to 
Pecopterh Flarkeiu f) but probably representing P, Sterzell^ in which 
the slightly reduced pinnules bore terminal oval seeds with a thick 



Fig. 15.— Details of Organization of Some of the Different Types of Seed 

Ferns. 

1. CaIymmoihe< a staimeri Stiir. Tn\ of inega.'-porangia or seeds i after Stur;. 

2. Restoration of Lagenostoma lomaxi < after (.)lh er). 

3. Microspores of Lagenostoma oroides i after Hensf)ni. 

4 . Lagenostoma lomaxi in median longitudinal set non i after Olnerd 

c. micropyle: d, space between nucellus and integument; e, cupule, f, integument; <h. i halaza 
d. Sphenopieris hoeninghausi (after Schimper'i 

6. Lagenospermum sinclain ^ after Arber) 

7. Xeuropterocarpus kidstonx (after Ridston ). 

5. Sphaerostoma ovale (after Benson): 

c. ( upule. e. f, integument, v, vascular bundle in integument; n, upper part of nuteliiis. m, lue^aspore- 
a, arthegonia. - i . 

9. Sterile pinnae of Aneiraites fertilis from the Pottst ille of West Virginia (after 'White t 

10. Seed bearing pinnae of the pret eding. 

11. Metiian longitudinal section of Trigonocarpus parkinsoni (after Scott i. 

12. Transverse section of preceding. 

Sa.sar<.-(>tosta:Se,scIerotesta; if. inner flesh; mi. mk-ropylo, m. mesaspore and nrmhallus, Pc polien 
Chamber; v, vascular bundles, t, tracheal disk; nt. tracheids of nucellus. 

13. Seed bearing pinnules of Pecopteris (after Grand’Eur \ ). 

14. Pterispennostrobus bifurcatus from the Carboniferous of New Bruns^nck (after Slopes) 
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sarcotestii giving the impression the appearance of having narrow 
wings. This discovery is of special interest since typical Pecopteris 
fronds have been shown to have constituted the foliage of Psaroiiius 
(an undoubted fern) and they frequently show fern fructification of 
the Asterotheca or Scolecopteris type. A second fern, Anelniltes fer- 
tilise from the Appalachian Pottsville had small bilaterally symmet- 
rical seeds on the somewhat reduced pinnules, the fleshy sarco- 
testa giving the impressions the appearance of having narrow wings. 
Other associations of seeds and fronds not found in ^organic union 
are the frond species Eremopferis (irti ///asc/ folia and the seeds Sam- 
ara pis acutae the frond species Anehnltes hellldulus^ and the seeds 
L age n os pe i vn u ai A rh c ) E 

It has been suggested that the Gondwaua genera (xlossopteris and 
Gangainopteris were Pteriosperms, but there is as yet no basis for 
this view. The peculiar Permian frond genus of Asia and North 
America known as Gigantopteris is found in constant association in 
the latter country with flat cordiform alate seeds borne in the con- 
cavity of an obovate reduced pinnule with the Gigantoj^teris vena- 
tion, and associated with these are detached two ranked strobiloid 
organs consisting of similar bract-like pinnules bearing small oval 
pendent microsporangia — not true cones, but definitely more stro- 
biloid than any demonstrated Pteridospermophyta. 

It is evident that the Pteridospermophyta constituted a large 
and varied plexus of synthetic seed plants, our knowledge of which 
is too imperfect to Avarrant an extended discussion of their jDhylo- 
genetic relations. That they were descended from the ferns is 
obvious, but whether from the more complex Camopteridae (e. g., 
Asterochlaena), through the polystelic Medullosaceae or from a 
simple protostelic form of Botryopteraceae through Lyginopteris 
is debata])le. They seem to show an as yet undemonstrated re- 
lationship with the Paleozoic Marattiaceae. Within the phylum, 
Scott regards them as showing two lines of descent : One through 
the evolution of a single stele and leading in the direction of the 
Cycadophytes, and the other toward j^olystely which eventually 
became extinct. Chodat, on the other hand, regards Lyginopteris 
as a true fern Avith specialized megasporangia Avithout higher issue, 
AA'hile he considers the Medullosaceae as the ancestors of the Cyca- 
dophyta. 

WhateA^er the details of descent turn out to be the Pteridosperm- 
ophyta in «ome of their forms undoubtedly stand in an ancestral rela- 
tionship to the Cycadophytes, and they may well ha\e merged in 
their earlier manifestation^ Avith the same stock that gave rise to 
the Cordaitales and Ginkgoales. 
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Following is u summary of tlio types which, are probably referable 
to the Pteridosperm phylum: 

Lyginopteraceae — Lyginopceris { Telangium Lagenostoniu Lagenospermuui, 
Pterispermostrobus ) Splienopteris, Calymmothecu, etc., 
Heterangium ( Sphenopteris Sphuerustoiiui, etc.). 
Medullosaceae — Meclullosa ( :Myel(>xylon, Neuropteris, Alethopteris, Uhiopteris, 
Trigoiiucarpus, Cudoiiothecu, Scliiitzhi, AViiittiesaya, Uoleropliyl- 
luni. etc.). 

Colp(»xylon. 

Rhexoxyluii. 

Sutcliffia. 

Steloxyleae ( ?) — Stelexyion. 

Megalnx.\ leae — Mega lexy Ion. 

Rhetinangieae — UhetinanLiiini. 

Stemnnyeleat' — Steiioniyelon. 

Cy cadoxy leae — Cy ca doxy Ion . 

I^tychoxyjon. 

Calamopityeae — Calainoiat\ s ( Kalyiiima). 

Eristopbytoii. 

Cladox y 1 eae — C 1 a < 1 nxy 1 on , 

Vblkelia. 
lUotopityeae — Protopitys. 

Incertae sedis — Pecoptta-is pbickeneti. Pb-einoptei’is arteinisaefoiia. AVardia. 

Adiaiitites I>ellidulus, Ottokaria, Strobilites, Gigaiitopteris, 
Glossopteris (?), etc. 

PHYLUM ( 'Y( ADOPHYTA, 

Xo existing group of plants has excited more interest in recent 
years than the existing cycads (order Cycadales). Before the pecu- 
liarly organized Mesozoic forms were understood, the wealth of 
foliar impressions of cycad-like fronds in the Mesozoic rocks 
throughout the world and similar less abundant remains in the later 
Paleozoic, led to the conclusion that the cvcad line was simply an- 
other example of an ancient, persi^-tent, rather uniform stock derived 
from the ferns, whose existing re}' resent at ives were the straggling 
survivors of a ty}ie which attained its maximum devel()})ment in the 
older Mesozoic. The researches of Carnithers, Solms Laubach, Xa~ 
thorst, Lignier, and Wieland have shown that the group was large 
and diversified, and includes at least two extinct orders very differ- 
ent from the existing cycads; that its origin is to be looked for 
among the seed ferns rather than the true ferns; and that existing 
cycads represent relatively modern and never very abundant deriva- 
tives of this ancient stock. 

In sketching the mor})hologA’ of the Cycadophytes the reader has 
to bear in mind that we are dealing with an extensive group that ap- 
peared in the record as early as the Carboniferous ('We'^tphalian) 
and continued to the })resent. and that aside from the recent forms and 
a few exceptional fossil forms like the Rhaetic Wielandiella and the 
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Lower Cretaceous Cycadeoids and Williaiiisonias, we have only the 
remains of foliage as a clue to relationships, and practically no in- 
formation regarding anatomy or fructifications; the latter we infer 
from the analogy of known forms were highly variable. 

Various attempts at a natural, or at least a logical, classification 
of the Cycadophytes have been attempted. These range from re- 
garding the phylum as consisting of two subordinate groups: the 
Cycadales, and the Mesozoic Cycadeoideas and Williainsonias as a 
second order — the Bennettitales, to those recognizing such illy 
founded groii2)s as the Xilssoniales, based upon cuticular characters. 
Without wishing to dej^reciate the importance of any available fea- 
tures in the study of fossil forms, all of which are valuable, or of 
failing in recognition of the 2>raisew orthy w ork of Nathorst, Thomas, 
Bancroft, and others upon cuticles, it may be suggested that cuticles 
can scarcely be regarded as affording ordinal criteria. In the case 
of the proposal of such a group as the Xihsoniales, the variation in 
detail of these features and their similarity to wduit obtains rather 
uniformly in other groups of xerophytic gymnosi^erms, show^s con- 
clu.'-iveh' that they represent convergence due to habitat. A tendency, 
especially among botanists, to regard the cycadeoids as the dominant 
and progressive fossil type and to overestimate the degree of rela- 
tionship betw'een them and their contemporaries, the Williamson- 
iales, is also to be deprecated. 

It must be recognized, entirely aside from the degree of converg- 
ence or divergence of fructification morphology, that the cycado- 
phyte stock as it was derived from the pteridospenns w^as a relatively 
slender stemmed branching type, corresponding to the more 2)rimi- 
tive Williamsonia type as exemplified by the Triassic Wielandiella. 
Xotliing is known of the anatomy or fructifications of many of the 
so-called Williamsonia genera such as Pterophyllum, Plagiozamites, 
Anomozamites, etc. Analogy would lead to the view that the floral 
and stem mor2:)hology had not become stereotyped in this order and ex- 
hibited considerable diversity, sufficient to include Podozamites on 
the one hand, and Williamsonia on the other. It w'ould seem that 
the most natural arrangement of the jdiylum is one that regards the 
main line of descent from which the more specialized or reduced 
branches w'ere given off at different times as a separate order, the 
AVilliamsoniales, which was the long existent and c 3 X*adophyte 
plexus, from winch two other orders, the Cycadales and the Cyca- 
deoi dales, were derived. 

Quite iiaturaliv the Williamsoniales that are nearest the points of 
origin of the (\vcadeoidales, or Cycadales, will show great similari- 
ties in their fructifi(‘ntions, \mi i\ny arningement that thiwvs these 
imints (^f contact into one order and recognizes such quasi groups as 
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Nilssoniales or Diooniales, ellectually obscures the fundamental plan 
of evolution of the phylum, if its history has been at all like that just 
outlined. The name Williamsoniales is unfortunate, and probably it 
would be better to use Hemicycadales (Wieland). 

As sketched in the following paragraphs the Cycadophyta are 
somewhat arbitrarily segregated into three subordinate groups : The 
aberrant Cycadeoidales, which are not as far removed from the second 
group, the Mesozoic and existing Cycadales, as formerly was thought 
to be the case. The third gi'oup, for which the inappropriate name 
Williamsoniales is retained, includes the balance of the Cycadophytes. 
It is not a compact group, and the progress of discovery will doubt- 
less show it to be unnatural. In its beginnings it approximates the 
Pteridospermophyta and also shows points of po^sible contact with 
the Gnetales and Ginkgoales. In its more evolved members (e. g., 
Williamsonia) it approximates the Cycadeoids to such an extent that 
Wieland and other authorities group the former and the latter to- 
gether. The two points of view are entirely in agreement regarding 
the facts and differ merely in the placing of the boundary between 
the two groups, a not very serious difl*erencc in an evolving series of 
forms. 

Although in Cyca/lcoidea Gihsoniffna, the species in which the floral 
organization was first made known, only ovulate organs were dis- 
covered, the much fuller American material leads to the inference 
that the flowers were normally bisporangiate. 

The Cycadeoidales appear to represent an evolution from the older 
Williamsoniales stock, and according to our present knowledge, they 
are confined to the Jurassic and Lower Cretaceous. Their pret'ail- 
ingly tuberous trunks are individually abundant in a silicified condi- 
tion in certain sandy strata of those ages, particularly in the Portland 
Dirt Bed of the Isle of Wight, in the Patuxent formation of Mary- 
land, and the Morrison beds of the Freezeout Hills in Wyoming. By 
far the largest number have been found in the similar strata of the 
Dakota formation, which outcrops in the Black Hills rim. Similar 
remains in less abundance have been found in F ranee, Italy, Galicia, 
and elsewhere. Their wonderful preservation and exceptional mor- 
phological features have resulted in unusually painstaking researches 
which have shown that the group as a wliole Avas one of rather limited 
A^ariation and stereotyped organization, relatively no more abundant 
in Jurassic and LoAver Cretaceous times than are the Cycads in exist- 
ing floras. 

The salient features, briefly enumerated, are a tuberous or short 
columnar stem, sometimes an aggi'egate of tuberous stems, as in some 
species of Encephalartos. Tlie stem was encased in a heavy armor 
of persistent leaf bases, which largely obviated the necessity for the 
deA^elopment of a thick zone of mechanical Avoody tissue in the stem. 
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The interstices of leaf bases were filled witli multicellular scales 
(unicellular hairs in the Liiussic 6'. M ictaniyela Moriere) correspond- 
ing to the raiiientuin of ferns, in some cases (as in the genus Cyca- 
della) very long and enclosing the whole trunk in a felt-like mass. 
This ramental covering appears to have facilitated their subsequent 
silicification, so that normally the fossil trunks show the ramental 
areas as prominent partitions, separating the subrhombic angular 
cavities left by the leaf stalks which decayed or were shed before 
fossilization. Among the leaf bases occur numerous short axillary 
branches each terminated by a solitary fructification or flower, as 
Wieland terms the latter. The anatomy of the stem is much like 
that of the cycads. There is a thick cortex, a comparatively thin 
vascular cylinder and a very large pith containing secretory sacs 
rather than gum canals. The vascular bundles are collateral, the 
protoxylem is next the pith (endarch), and the few spiral marked 
tracheids are soon replaced by scalariforin tracheids which appear 
to characterize the phylum, although pitted tracheids are recorded 
in C ycaxleoklea micro my ela. In the leaves, however, the structure is 
mesarch, suggesting their pteridophytic ancestry. The leaf traces 
arc single and direct and thus more simple in their arrangement than 
in existing cycads. 

The axillary branches bear reduced leaves or bracts spirally ar- 
ranged, and are of a length to bring the terminal flower at about 
the general level formed by the persistent leaf bases. The branch 
axis expands into a subhemispherical or conical receptacle. At its 
base and immediately beyond the enclosing bracts was inserted a 
whorl of compound microsporophylls, united into a continuous 
sheath proximad, expanding distad into a bipinnate frond Avith 
alternate piiuiae, all of which, except the apical and basal pairs, 
bearing two rows of synangia, suggesting those of a marattiaceous 
fern, the Avhole greatly resembling a fertile fern frond rather than 
a verticil of stamens, and like the former circinate in Aernation. 
The surface of the receptacle above the staminate collar is })eset Avitli 
slender pedicels, each bearing at its extremity a single orthotropous 
seed, the interspaces packed Avith stei'ile appendages known as inter- 
seminal scales, Avhich expand apically so tlnit only the micropylar 
part of the seed reaches the surface, and the Avliole is compact and 
simulates a closed pericarp. Before proceeding Avith the descrip- 
tion of the seeds, it maA^ be Avell to state that of the various morpho- 
logical homologies that haA^e been advanced, that Avhicli regards the 
interseminal scales as greatly reduced foliar appendages and the 
seed-bearing pedicels as reduced megasporophylls seems the most 
probable. 

The whole fruit-like body is ovoid or turbinate in shape, several 
centimeters in length, the surface a mosaic of the expanded tips of 
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the interseiniiiiil ^eale^, between which the jnicropylar tubes of the 
seeds i)rotrude. Tlie inierosporophylls are only preserved in im- 
mature strobili. They have distippeared at a later period, but their 
former presence can usually be inferred from the basal shoulder 
that luarks their insertion on the receptacle. The probabilities are 
that all the cycadeoids were bisporangiate, although this is disputed 
in the case of some species. The seeds are very small as compared 
with those of living cycads and have a two or three layered testa, 
prolonged upward into a inicropylar tube, the outer palisade layer 
of which at the shoulder where it joins the seed being expanded by 
radial extensions, forming live or six radial wings. The cavity of 
the seed is completely filled by a large dicotyledonous embryo Avhich 
in its development, unlike any living gymnosperms, destroys all of 
the endosperm. 

A variety of cycad fronds are found in the deposits which have 
yielded the petrified trunks, but our information regarding their 
actual foliage is furnished by small unexpanded petrified material 
which shows pinnate fronds of the Zamia type, circinate in verna- 
tion, with erect pinnules. The number was small in Cycadella. In 
C ycadeoldea inyens there were GO to 100 pairs of linear or slightly 
s])atulate })innules, and the truncate pinnate fronds are estimated as 
Inning been several feet in length at maturity. It seems probable 
from the large number of cones in the same stage of development in 
some trunks and their complete absence in other large trunks that 
seed formation w^as the culminating event of many seasons of vege- 
lational activity, possibly occurring but once at the maturity of the 
plant, but more probably repeated at increasing inter\'als through- 
out life. In the historic Johns Hopkins Cycad shown in the accom- 
panying figure IT there are 58 strobili on the face figured. 

Fronds indistinguishable from those of c\ cadeoids are cosmopoli- 
tan from the Triassic to the Upper Cretaceous, but there is no means of 
determining to what an extent they belong to the cycadeoids, and the 
prol>abilities are strongly in favor of considering most of them as the 
fronds of the order that I have termed the Williamson iales. 

The Williamsoniales comprise a much more protean and long-lived 
grou]) of foians, unfortunately known almo.^t entirely from impres- 
sions. They appear in the later Paleozoic in the genera Plagioza mites, 
Pterophyllum. and KSpheiiozamites: are very prominent in the Tri- 
assic, Jurassic, and Lower Cretaceous: and are still [)resent but in 
reduced num])ers in the Upper Cretaceous after the cycadeoids had 
become extinct. The nature of their remains precludes a concise simi- 
mary of their features. Botli the very abundant foliar remains as 
well as such fructifications as have been preserved indicate a much 
wuder variability than among the other two orders of cvcadophytes. 
The sole feature that at present cun be considered as probably char- 
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1. Restoration of an imeKpanded fnic tiGcation of Cycadenidea (after Wieland}. 

2. Embryo of Cycadcohicu shuumia" vascular bundles (afLcr ^Vie!alldJ- 

3. Median longitudinal beetion of ovulate strobilus of C\ cadeoidea (after Y'ieland); 

pith; X, xylem; p, phloem; c, cortex, a. insertion of loaf, 1', brai t^, s. seed,-; 1, leaves; d, collar for in- 
sertion of micros porangiate disk. 

4. Restoratum of complete and partially expanded fructifu ation of C^ cadeoidea (after Wieland). 

5. Section of seed and adjaient intersorninal scab- of Cycademdea turnra (after W lelandj: 

is, intorseminal scales; s, pedit le of seed; e, embryo; r, meLm=;p(;re membrane; n, micellar sac; t, inner 
layer of testa; p, exterior layer of te^ta ‘ blow otf m, mi: ropylar oponm^ and canal; b, chalaza. 

6. Section of seed and adjacent inlerscminal s; ales of C} ca<lcnidea nioricrei (after Lignier ) 

a, anheaonia ?; c, pollen chamber; t and il. inner and outer te-ta, o. pedunele. 

7a, b, c, d. l>iagramraatical restoration of fnictification of CyradeoMea colo.^ahs (after AVielandb’ 

A, transverse section above the receptai Ic showing the 1 rat ts (blai k), a pet lole nh \ ascular bundles 
ramenta. and (1— lOj the wings of the mu rosporophv lb. 13, C, longitudinal sot tion of flower showing 
the receptacle with the small meaaspomphylls, the staminate disc with winded mit rosporophylls 
and s..nangia, and the terminal bru-.h of intorseminal scales (indicateti by the arrow in B). The 
megasporophylls an 1 s\Tiangia are r»'pre-en‘ed larger than the ai tual si.c. Ib tins sliows on one 
side the domo-likc arrangement of the mit nj^poroph;. lb and on the n^ihl , a mit rosportiphyll in side- 
view. E. longilutlinal section as far as the plane 2’ surmtainlcd by the apex of the collection of 
raicrosporophylls, c; s, microsporophvll wiih synancia, A. recurved apex of mit rosporophyll; B, 
brarts; D, insertion of ilisc; X, outer bracts next the petiede bast'S. 

8. Longitudinal section of synangium of Cy cadeoidea dacotends (after Wieland). 

9. Tranrcer!,esect u)u of a ]>artially emergent but still folded frond of ('vi adeoidea tneens deeply imbedded 
in ramenium (after Wieland}. 
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acteristic of the order is the relative slenderness and elongation of the 
stem and the frequency v’ith v hich it branched, often dichotomously. 

It is not possible to consider the various foliar types in the limits of 
the present paper, a subject requiring much study and never ade- 
quately discussed, and only a few of the more representative types will 
be mentioned. Among these one of the most remarkable is the genius 
Wielandiella from the Ehaetic of Sweden. Wielandiella had an elon- 
gated slender stein not over 2 centimeters in diameter, with repeated 
dichotomies, prevailingly naked except in the region of the forks, 
where it bore spirally arranged, rather reduced fronds of the Xilssonia 
or Anomozamites types. In each fork Avas a subsessile fructification 
suri’ounded by bracts. These fructifications are met with in two 
forms, probably representing dill'erent ages and states of preservation. 
In the one it consists of a small pyriform axis separated from the 
peduncle by a swollen striated collar bearing oval microspores on the 
surface of greatly reduced scalelike sporophylls. Ovulate structures 
on the pyriform axis appear to have been Aestigial. In the second 
type the axis is hidden by the linear l)racts but its surface reA'eals a 
regular pattern of interseminal vacates between aa Inch the micropA lar 
tubes project, indicating an ovulate organization like that of the 
cveadeoids and Williamsonia. 

Another old genus is the Ehaetic genus Cycadocephalus, also from 
Sweden, and based on impressions of a large fructification 10 centi- 
meters long and 7 centimeters in diameter. The peduncle is slender 
and shoAAs no leaf or biact scars. Xo trace of a central oAuilate re- 
ceptacle is discernible, the head consisting of a cluster of linear 
niicrosporophylls AA'ith a keellike midrib on their inner fat'cs, and 
bearing on either side of this midrib linear pointed synangia. 

A third Ehaetic genus i.'^ IVeltrichia from Franconia, based upon 
a funicular fructification, the cup of which Avas formed by the con- 
crescent bases of about a score of broadly linear microsporo 2 >hylls, 
the whole 10 centimeters in length and 0 centimeters in diameter. 
The free lanceolate a 2 )ical [mitions of these bear linear a^^pendages 
T) to fi millimeters long attached to their inner faces, comparable 
Avith the synangia of Cycadoce^^halus. Xo traces of ovulate struc- 
tures are known, so it can not be determined AAdiether either Cyca- 
docepluilus or Weltricliia Avere unisexual or bisexual. An elaborate 
account of Weltricliia by Schuster, largely imaginatiA^e, supplies a 
remarkable assemblage of features that are best ignored until cor- 
roborated by some reliable student. 

As previously mentioned, a variety of frond genera of late Tri- 
assic, Jurassic, and Lower Cretaceous ages are found fix)ni Japan 
and Xew Zealand on the east to California and Alaska on the Avest, 
and from Franz Joseph Land, Spitzbergen, and Greenland on the 
north to Graham Land on the south. Xo continent is Avithout an 
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abundant representation. In the present abridged account a mere 
mention of the more important genera that have been recognized 
must suffice. xVssociated with these frond genera at many localities, 
particularly in India, England, and southern Mexico, are the objeds 
commonly referred to the genus IVilliamsonia. 



. Fig. — Types of Williamsoniales. 

la, b- Williamsoma virginicnsis Fontaine from the lower Cretaceous of Virginia (after Fontaine). 

2. Williamsonia speetabilis Restoration after Thoma'?, Jurassic of Englanrl. 

3. Restoration of Williamsoma mcxiiana from the Liassic of Mexico (after Wieland 'i. 

4. Frond of Zainites gigas from the Jurassic of England (after Seward). 

5a. Williamsonia whitbiens is microsporangiate disk from Jurassic of England (after Naihorst). 
5b. Sporophyll of same showing insertion of s^mangia. 

6a. Buckiandia milleriana from the Jurassic of Scotland (after Carruthers). 

6b. Buckiandia (Yatesia ; joassiana from the Jurassic of Scotland (after Carruthers). 

6c. Williamsonia sp. from the Liassic of Mexico (after Wieland >. 


The most celebrated of these is perhaps ^ViJliamsoma giga>s^ dis- 
covered early in the la«t century in tlie Jiircdssic outcrops along the 
Yorkshire coast, and the basis for Williuinsoii's liistoric restoration. 
The^e have been found in organic union with foliage and stems. 
The steiii.'^ (Bucldandia) were slender, 5 centimeters in diameter, 
covered with rhoniboidal leaf scars, with a t rown of Zamia-like fronds 
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about 2 feet long, and bearing at the summit slender peduncles 
20-30 centimeters long, covered with spirally-arranged scale leaves, 
and terminated with an ovulate receptacle bearing pedicillate seeds 
similar to those of Cycadeoidea surrounded by bracts or sterile 
sporophylls united proximad to form a disk or cup. No trace of 
microsporophylls are certainly known in this species, although the 
probabilities are that it was bisporangiate, in fact, certain staminate 
disks have been referred to this species by various students. 

Naturally, a very large number of different species of William- 
sonia have been described from a variety of Mesozoic horizons and 
localities, but few of these show essential features or have been 
exhaustively investigated. A very characteristic form (Ih. cirgin- 
ienst^) occurs in the Lower Cretaceous of Virginia and another in 
the Upper Cretaceous of Delaware. 

Among the better-known forms are W. specttibiUs from the York- 
shire Jurassic, which shows a funicular disk prolonged into linear 
lanceolate microsporophylls bearing on their inner faces fertile 
pinnae carrying reniform hynangia. A central ovulate receptacle 
is wanting. .v'hltlnensispd\^o from the Yorkshire coast, is similar 
to tlie preceding, but the fertile ijimiac are reduced aud the reniform 
synangia are borne on cither ^ide of the midrib along the inner 
face of the free part of the microsporophylls. Still another type 
is ir. rne.ric^nut from the Lias of Southern Mexico in which the cuj> 
is deeply campanulate with 10 short narrow free lobes bearing two 
rows of lateral synangia. 

The only petrified Williamsonia known is the imperfectly pre- 
served 11 . Hootica from the Jurassic of Scotland, which shows hairy 
bracts, no traces of microsporophylls, and a central receptacle con- 
sisting of iiiterseminal scales and pedicellate seeds exactly similar 
to Cycadeoidea 

An interesting and more reduced tyi:>e, whoso aflinities indicate the 
survival to the middle fhirassic of the Wielandiella type, is one 
made the basis of the genus Vdlliamsoiiiella. If the various ])arts 
are correctly correlated they show slender, fre(]uently dichotomous 
stems bearing scattered leaf scars and believed to have borne the 
associated type of foliage known as TaeruopterJ^< viifaftf,. In the 
stem forks are pedunculate bracteate fructifications consisting of a 
wliorl of cuneate microsporophylls hearing fi\ e to six sessih‘ reniform 
synangia on either side of tlie inner keel. AVithin tlte whorl of 
microsporophylls a pyriform rece])tacle with a sterile cr<nvn is cov- 
ered with small iiiterseminal s('a1es and short-stalked seeds like those 
of AAhlliamsoniu and Cycadeoi<lea. 

Eemarkably well-preserved fronds from Greenland and elsewhere 
describ(‘d as Cveudites have recently been diown to possess a double 
midrib sejiarateil by a stomata 1 groove, and these forms have con- 
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seqiiently been made the basis for a new genus, Pseudocycas, 
although nothing is known of the plants which bore these anomalous 
fronds. 

A frond genus that deserves mention is Podoza mites, to which a 
very large number of often detached pinnules have been referred, 
some of which are with difficulty distinguished from the conifero- 
phyte genera Xageiopsis, Araucaria, etc. These are widespread and 
more or less abundant from the Triassic to the Upper Cretaceous. 
In the more perfect specimens Pod oza mites shows a slender rachis, 
with somewhat irregularly spaced parallel veined lanceolate pin- 
nules, often deciduous. Podozamites may well be composite. In 



Fk;. F).-— Rest oration of the Jiirassio Williamsoniella fafrer Thomas 't. 
a, vertical section of flower, X V b, micnj^porophyll from side, X 1: e, same in transverse section. 


certain species the pinnules appeal* to be borne on definite short 
shoots, and the associated fructifications (Cvcadocarpidium ) con- 
sist of loose cones of sporophylls, much like the vegetative leaves, 
and Itearing proximad, two ovules with pointed wing-like appendages. 
Podozamites in some of its forms may thus constitute a point of con- 
tact between the cycadophytes and coniferophytes. or it may really 
belong with the latter phylum and liave no cvcadetju relationship. 

The Cycadales have tuberous or columnar, sometimes subterranean, 
sparingly or not at all braiiclied stems, covered ^vith persistent leaf 
bases, bearing a crown of large compound leaves and apparent Iv ter- 
minal (truly lateral), dioecious strobilae. The cortex is thick, the 
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vascular cylinder thin, and the pith large. Bundles are collateral 
and endarch in the stem, but often mesarch and even concentric in 
the leaf traces and strobilar axes. The leaf traces girdle the stem, 
entering leaves on the opposite side from which they separate from 
the vascular cylinder. Wieland has unquestionably shown that the re- 
lationships between the existing and the two extinct orders are closer 
than was formerly supposed. 

The existing cycads constitute a rather compact group of nine 
genera and about 110 species indigenous in the warmer regions of 
both hemispheres — Cycas with some 16 oriental species and Zamia 
M ith about 30 occidental species being the dominant genera. Be- 
sides Zamia the genera Microcycas, Dion, and Ceratozamia are 
American; Encephalartos and Stangeria are African, while Cycas, 
Macrozamia, and BoAvenia are Asiatic or Australian. In individual 
abundance they do not play a leading role in any forest assemblage, 
although the small Stangena faradoxa forms thickets in southeastern 
Africa and Macrozamia spiralis forms a scrub oA^er considerable 
areas in eastern Australia. For trunk- forming plants then- are in- 
conspicuous and Aniry from the dwarf Zamias with underground 
stems or e 2 ^iphytic forms to some of the s 2 :>ecies of Cycas, Avhich 
reach a height of 20 meters and live to a great age. 

The stem consists of pith, wood, cambium, and 2 >hloem, eiiAcloped 
in a thick cortex ending in periderm and giving rise to a tliin bark, 
but supporting an investure or armor of old leaf bases, persistent 
or not, according as the gi’OAvth of 2)eriderm atfects its excision. 
The pith occupies one-third the diameter of the stem. It is ex- 
tremely parenchymatous and frequently affords commercial starch. 
Mucilage canals trav^erse the pith, cortex, and rays. The pith is 
traAersed by gum canals and by anomalous cauline vascular bundles 
in Encephalartos and Macrozamia and by peduncular l)undles in 
Dion, Stangeria, Ceratozamia, Zamia, etc. The Avood falls into two 
types. In Zamia, Dion, Stangeria, Ceratozamia, and Microcycas (?) 
it is AA hat is known as monoxylic, i. e., there is a thin and more or 
less open system of collateral bundles and no persistent cambium or 
marked secondary thickening. Contrasted Avith this, Cycas, Macro- 
zamia, Encephalartos, and Bowenia are polyxvlic and develop a 
succession of imperfect cortical cambiums which form xylem zones 
that are often more or less inAeifed, as in Macrozamia and Bowenia, 
thus suggesting comparisons with such Pteridosperm genera as 
Medullosa. 

The Cycadales and presumably the majority of the fossil cycado- 
phytessend down a primary root, which continues as a taproot, often 
approaching the trunk in size. All the forms have compound leave.-. 
In most genera they are simplA' pinnate, but in Bowenia and cer- 
tain sj^ecies of Ma< rozamia and Cycas the pinnules are further sub- 
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divided, giving them a graceful fernlike appearance. This is ex- 
hibited in Stangeria in another way. Each pinnule has a thick 
midrib with several vascular bundles, and the broad lamina with 
prominently toothed margins is traversed by dichotomously branch- 
ing lateral veins running to the margins, which give it such a fem- 
like appearance that the first specimens of the foliage to fall in the 
hands of botanists were described as a new species of fern of the 
genus Lomaria. In Cycas the narrow pinnules have a midrib with 
a single large vascular bundle. All the other genera lack a midrib 
and have the pinnules traAersed by subequal longitudinal bundles. 
The order of dcA^elopment and the venation of the fronds vary from 
genus to genus. 

The leaAes are in whorls crowning the stem or the branches in 
branched forms, giving a strikingly handsome appearance. Each 
whorl alternates with a whorl of scale leaves. The whorl may con- 
sist of but a few to oa er 100 fronds, A^arying in size from a length of 
10 centimeters to more than 3 meters and the fronds may have but 
a few to as many as 250 pinnules. The structure is xeropliA tic and 
the pinnules generally have entire margins. They a ary from lance- 
olate to linear and acicular. In some Zainias and Stangeria the 
margins are serrate. In Dion they are thorny, and in Encephalartos 
they are inequilaterally lacerate. 

A feature reminiscent of ancient habits and shared only by Ginkgo 
among existing seed plants is the fertilization of the egg tells by 
multiciliated swimming sperm < ells. 

The histological and morphological details of the Cy cadales be- 
long to modern rather than paleobotany and need not be dwelt upon 
in the present discussion. 

Both the stamina te and ovulate sporophylls are always aggregated 
in strobili, Avhich are compact and rather uniform throughout the 
order, except that in Cycas the oAulate strobilus instead of being 
compacted in a cone consists of rosettes of sporophylls resembling 
reduced foliage leaA’^es, in which ovules replace the loAver pinnae or 
teeth. 

The fossil record of the Cycadales is extremely meager. It includes 
certain not conclusively determined ovulate cones from the Keuper 
of Switzerland, resembling those of Zamia, and more convincing car- 
pel lary leaA^es, like those of the modern Cycas, from the top of the 
French Triassic {Cycadospadix hennocqvsi) ^ from the Kimeridgian 
of Italy and Scotland {Cycadospadix pasiardamis) ^ and from the 
Ehaetic of Sweden {Cycadospadix integer), which demonstrate the 
presence of true Cycadales in the late Triassic and Jurassic. The 
Cretaceous records are fcAv and not especially trustworthy. During 
the Tertiary a few undoubted remains of cycads occur at scattered 
localities, demonstrating a more extended geographical range than 
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obtains at present. Thus there are two species of Zamia in the 
lower Eocene along the shores* of the Mississipx:)! embayilient. A 
third species occurs in the basal Eocene of Belgium, and a fourth in 
the late Oligocene or early Miocene of Chile. Oligocene species include 
a Zamia from France, an Encephalartos from (xreece, and a not cer- 
tainly identified Ceratozamia from northern Italy. The ^Miocene rec- 
ords include a Zamites and a Cycadites from Switzerland. 

PHYLUM ( ONIFEROPIIYTA. 

The Coniferophyta correspond almost exactly to the Gymno- 
spermae of the older students. Their outstanding characteristic is 
the exposed ovules discovered by Robert Brown in 1827. This fea- 
ture has ceased to be diagnostic, since it is common to the Bteri- 
dospermophyta and Cycadophyta, and is evidently of ancient line- 
age. Although probably more continuousl}" and abundantly repre- 
sented in the geological record than any other group of plants, it 
can not be said that our knowledge of either the comparative mor- 
phology or the geological history of the phylum warrants a dog- 
matic view of their phytogeny. 

All the Imown conifero})hytes are woody plants with pronounced 
secondary growth; nearly all are trees, and it is extremeh^ doubtful 
if the group ever contained heiRaceous forrn^. Tliey show rather 
uniform xerophytic structure, due possibly to tlie character of the 
water-conducting tissues, or to the evergreen foliage, siiice of tlu^ 
existing species, only the bald cypres^, ginkgo, the larcli, and 
Glyptotrous, are deciduous. They usually can not compete suc- 
cessfully with angiosperms under genial condition^. Structurally 
the bundles are collateral and a primary persistent ctimbium de- 
velops all of the secondary tissues. The water-conducting tissues 
are tracheids with bordered pits and true vessels are found only in 
the Gnetales. Both mega and microspores aiu normally forme<l in 
cones (strobili), which are ncA^er bisporangiate. 

The Araucariales and Taxales are dioecious, while the Coniferulos, 
Cordaitale-^, and Ginkgoales are monoecious. The sporophylls follow 
the leaf arrangement and hence are spiral or cyclic. Tlie slami- 
nate cones have two or more sporangia to the sporophyll, hence 
these are less numerous than in the Cycadophytes. They are exce(‘d- 
ingly variable and verj" characteristic for genera. The ovulate 
cones are varied and their morphological inhu'pretatioii ha^ been 
warmly debated for a century. A digC'-t of the various opinions 
advanced is given by IVorsdelh (Anna!- of Botany, vol. 18, p. 57, 
1904.) 

Pollination is efTected through the agencv of the wind (ane- 
mophily). The stock i< of great antiquity and contemporan(‘ous 
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l^roups are to be regarded as divergent or convergent and not directly 
filiated. 

Altliough very probable, the vieAV that the Coniferophyta is a 
iiionophyletic group can not be said to be established. It has been 
demonstrated beyond reasonable doubt that the Cordaitales, Gink- 
goales, and Cycadophytes are alike related to the Pteridosperms and 
Ferns. In the case of the Conifer ales and Araucariales this is not 
so certain, and some students (Renault, Campbell, Potonie, Se^Yard) 
consider the latter groups as of Lepidophytic origin. There is a 
plausible amount of evidence for such an origin for the Araucariales, 
although such a derivation is not generally accepted. There are, 
however, insuperable difficulties in the Avay of including the Conifer- 
ales in such a stock, even if this theory be accepted for the Araucariales. 
The most interesting order from an evolutionary standpoint, the 
Gnetales, since they seem to form a connecting link with the Amentif- 
erous Dicot yledoiiae. have an ancestry completely unknown, although 
they show certain structural and developmental points of contact 
with the Cordaitales, Ginkgoales, and Cycadophytes. 

In the present treatment the coniferophvtes are grouped in six 
orders: Cordaitales, Ginkgoales, Taxales, Araucariales, Coniferales 
(Finales), and Gnetales, which are best discussed separately. The 
oldest of these orders, long since extinct, is the Cordaitales — a knowl- 
edge of which is due primarily to the work of Grand 'Eury. The 
Cordaitales were exceedingly abundant and presumably varied at 
several horizons in the Paleozoic and the synthesis of a study of im- 
pressions of their foliage and fructification, pith casts, and petrifac- 
tions enables us to draw a satisfactory picture of their general ap- 
pearance and habit, although as yet it is usuallv impossible to corre- 
late specific foliar impressions with petrified stems and seeds. 

They were tall and relatively slender trees with trunks that were 
fre(iuently over 100 feet in height and unbranched except at the 
crown, where their spirally arranged foliage of simple and often 
large parallel veined leaves was displayed. Leaf form has been 
used as a ])a-is for the three forms genera: Eucordaites, with spatu- 
late blunt tipped leaves often several inches in width and 2 or 3 
feet in length: Dorycordaites, with pointed leaves approaching those 
of Eucordaites in size; and Poacordaites, with narrow linear leaves. 
The parallel venation, unbranched in Poacordaites but repeatedly 
forked in Dory- and Eucordaites, suggest monocotyledon foliage 
and the early writers consequently considered Cordaites as a mono- 
cotyledon. Loth tlie wood structure, the floral organs, and the seeds 
were known long l^efore tlieir true nature was appreciated. 

The stem has the general features of a modern conifer, except for 
the much larger pith, sometimes as muoh as 10 cm. in diameter. 
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which was often discoidal as a consequence of the rapid elongation 


of the stem, so that casts yield characteristic forms described by 
the early writers as Artisia or Sternbergia. Structurally the wood, 



commonly known as Araucarioxylon 
or Dadoxylon, is centrifugal, w ith the 
narrow spiral protoxylem lying at the 
periphery of the pith, succeeded radi- 
ally by spiral tracheids, soon passing 
into scalariform elements, which after 
an interval pass into pitted tracheids 
greatly resembling those of the modern 
Araucariales. The bordered pits, 
which were limited to the radial walls 
of the tracheids, are usually in two or 
more rows and so densely crowded in 
alternating series that they tend to be 
hexagonal in outline. The rays are 
narrow ; originally they may be three 
cells wide, but those of the secondary 
wood are usually one or two cells wide 
at the most. The phloem, of sieve 
tube^, parenchyma, and some bast 
fibers, is like that of modern conifei*s. 
The leaf traces were often double, as 
in some Pteridosperms and Ginkgo. 
The bark was thick, but is usually not 
well preserved. The root system was 
feebly developed for such large trees, 
diarch in structure, Avith a broad zone 
of secondary Avood, conforming in its 
hir^tology Avith that of the stem. The 
leaf structure is comparable to that of 
a cycad pinnule, Avith collateral bun- 
dles, and the stomata are confined to 
the loAver surface. 

The fructifications show consider- 
able variation. The catkins, com- 
monly pre^erved as impressions under 
the name of Cordaiaiithus, shoAV an 
elongated axis Avith bracteate pedicels 


Fig. 20.— Cordaianthus from the lower Alle- 
gheny fonriaJkn of Mar\ land. 


bearing the alate bilaterally symmetri- 
cal cordate seeds. Petrified material 


shoAvs the staminate catkins to consist of a thick axis bearing spirally 


arranged bracts, betAveen Avhich the microsporophylls are inserted, 
either singly or massed near the apex. Each microsporophyll consists 
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of a pedicel surmounted by three or four or more vertically elongated 
pollen sacs Avliich split longitudinally, and contain large pollen grains, 
which often show a group of prothallial cells. In appearance the ovu- 
late cones are much like the staminate. The axis is thick and clothed 
with spirally arranged bracts, many of which are sterile. In the axis of 
others are found short-stalked ovules with bracteoles. The ovules had 
two integuments — an outer fleshy one, and an innner one which be- 
came crustaceous. The ovule shows a nucellus with a large pollen 
chamber and a beak-like micropylar canal. The pollen grains found 
in the canal and pollen chamber are larger than those in the pollen 
sacs, with their mass of prothallial or antheridial cells more exten- 
sively developed, and it is hence inferred that the habit of forming 
pollen tubes had not yet been developed and motile sperms were 
formed directly. The seeds of numerous species are common as im- 
pressions and have frequently been found in a petrified condition. 
They exhibit considerable variation in size and form and commonly 
go under the name of Cordaicarpus. 

Several additional types of Cordaitean wood anatomy are known. 
These include Mesoxylon, of which several species have been de- 
scribed from tlie English Carboniferous, and which help bridge the 
gap between Cordaites and the family Poroxylaceae of the Carbonif- 
erous and Permian. Both Mesoxylon and Poroxyloa develop cen- 
tripetal xylem in the primary wood. A third family, the Pityeae, 
based on large trunks from the Lower Carboniferous of Scotland, is 
chiefly distinguished by the wide rays. Other anatomical genera in 
the Cordaitean plexus include Callixylon of the Ppper Devonian of 
Europe and America, Caenoxylon of the Russian Permian, Mesopitys 
of the Permian, Parapitys of the middle Carboniferous and Archal- 
aceopitys of the Lower Carboniferous of Kentucky. Evidently much 
remains to be learned before these and other as yet unknown Cor- 
daitean forms can be properly allocated. The Cordaitales show 
clearly their origin from the same ancient plexus that gave rise to the 
Pteridospernis. They likewise show points of contact with the later 
coniferophyte orders, especially with the (linkgoales, Taxalcs ami 
Araucariales. 

The Ginkgoales as a group can be characterized only by the fea- 
tures of the single existing species, and these may be misleading when 
applied to remote ancestral forms. This obvious conclusion must be 
borne in mind in the attempts to relate these forms to the amdent 
Cordaitales on the one hand and tlie modern Abietineae on the other. 
Thus the formation of pits on the tangential walls of the traclieids 
at the end of the annual ring is a purely physiological response to 
an alternation of growth periods and resting periods and is due to 
climatic changes, as is the deciduous habit, and it is very probable 
that neither of these characters was present in early Mesozoic forms 



356 ANNUM. KEPORT SMITHSONIAN INSTITUTION, 1918. 


or lias any phylogenetic significance. Similarly the paired sporangia 
appear to represent a reduction from the more numerous sporangia 
in the Mesozoic species. 

The modern (linkgo lias a persistent primary cambium, collateral 
bundles, doubledeaf trace, no wood parenchyma, resin ducts in both 



1. OinksTO (Bronim.) Ifeer. Jurassic of r)re,s:nn. 

2. lararniensis Ward from the Upper Cretaceous of ’SVyoniing. 

3. (Jinkgoobtrutschewi Seward. Middle Jurassic of Chinese Dzungaria. 

4. <aiikgosibiri<‘a Jfeer. Jurassic of Oregon. 

5. < Jmkgo button i magnifoHa Fontaine, Jurrassic of ( )regon, 

6. Oinkgoadiantoides (Tbigcr) Herr. Tertiaiy of Isle of Mull. 

7. Cinkgd adiantoides from the Fort I'nion of Montana, 

pith and cortex, truclieids with rtidial opposite pits separated by so- 
called bars of Sanio. The leaves are comparable anatomically with 
tlio.se of cveads but an‘ simple ami deedduous. They are borne on 
either long terminal shoots or in tufts at the apex of short axillary 
shoots, the latter habit shared by some fossil species of Baiera. The 
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pollen is slightly Avinged and is formed in microsporangia, which are 
normally in pairs, pendent from the expanded tips of sporophylls 
arranged in loose catkins in the axils of scale leaves at the end of 
short shoots. The megasx)orangia are also normally in pairs, although 
but one ovule matures, and are at the end of a long stalk which is 
morphologically a shoot and in some Mesozoic species bore more than 
two ovules. The sperms are ciliated and free-swimming as in the 
C’ycadophytes and Pteridophytes. Ginkgo Avas formerly considered 
a member of the family Tuxaceae, although its resemblance to 
cycads has long been known. It appears to have been derived from 
the Paleozoic plexus of Pteridosperiuophyta and sIioavs points of con- 
tact Avith both the Paleozoic Cordai tales and the Mesozoic Williain- 
soniales. All three groups probably had similar ancestors, but there 
is no evidence that the Ginkgo ales have been ancestral to any existing 
group of Coniferales. 

The modern Ginkgo is the most isolated as well as the oldest exist- 
ing arborescent form, its stock being represented in the fossil record 
continuously from the Perniian to the present. The leaA’es are so 
characteristic that there is little uncertainty regarding their deter- 
mination, although in some of the older associates referred to the 
Ginkgoales the foliage simulates such digitate fern fronds as Schi- 
zaea, and some of these are of questionable identity. The limited 
space forbids more than a mention of the extinct genera that haAe 
been referred to this order and which in some cases do and in other 
cases do not belong to this stock. Some of these genera are Ginkgo- 
phyllum, Saportaoa, Trichopitys, Dicranophyllum, Khipidopsis, 
Mdiittleseya, Psygmupliyllunu Gomphostrobus, Trichophyllum, Feil- 
denia, Phoenicopsis, and Czekanowskia. 

Some of these, such as 8at)ortaea and Ivhipidot)sis, seem cleaily 
to represent early variants of the Ginkgo type, but the tAVo fossil 
genera that stand out beyond all (question are Ginkgo itself and the 
allied genus Baiera, the latter segregated on account of the short 
petiole and the repeated dichotomy of the leaf blades to form narroAV 
elongate ultimate segments in Avhich the a eins no longer fork and 
because of the more numerous micro- and megasporangia. The mod- 
ern Ginkgo bonietimes furnishes instances of more than the usual 
number of pollen sacs and ovules, and its leaA^es also frequently 
become divided to simulate those of Baiera. 

Both Baiera and Ginkgo appear as far back as the Permian and 
become abundant and varied throughout the Triassic, Jurassic, and 
LoAver Cretaceous, Avhere frecjuently the seeds, immature fruits, and 
the pollen-bearing catkins, as Avell as the leaves, are found fossil. 

Baiera attains its maximum range someAvhat earlier than Ginkgo, 
and, as the accompanying map shows, its distribution appears to 
136t)oU°— -JO 24 
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have extended beyond the known range of Ginkgo in South America, 
South Africa, and New Zealand. It is evidently a waning type 
during the Upper Cretaceotis and becomes entirely extinct before 
the close of that period. Ginkgo, on the other hand, has been found 



UiG. 22.— Views of (liiToreut 8. pecks of Ilaiera. 

1. liaiera rnuen^Tcriana Heer. Rhaetic of Baircuth (after 

1. leaf. 

la. unripe mil ro<^poroph7lk. 

lb. ripe microspornphylls. 

2. Baierarayranndi Renault. I‘ermian of France (after Zeiller). 

J. Baieraanipistiloba lleer. Jmrassicof Siberia (after HeerL 

4. Baiera puli'bella Tlecr. Jurassic of Amur Land (aft cr Heer). 

5. Baiera mierusporophy lls. V ppet Tria.ssic of Switzerland (after I>eutbardt). 
t). Baierafurcata Heer. Upper Triassic of Switzerland (after Leiuliardt). 

7. Baiera foUosa Funtaini^, X o. Lower Creraceous of Mrginia (after Berry). 

}«. Same, showintr short sliuot (after Berri ). 

in the Tertiiu v of GreeMilaiul. Xortli America, Europe, and Asia, the 
(haracteristie (rinkfjo ndhu^tiokh^^ bein" abundant and scarcely dis- 
tinguidiable from the still existing spcciet^. The latter, long thought 
to be extinet except as preserved 1)y cultivation in the temple gardens 
of China and Japan, has recently been reported in a wild state in 
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western China- The accompanying map (fig. 23) shows the area 
within which fossil Ginkgos have been found as well as the more 
restricted areas in Greenland, Xorth America, Siberia, and Europe, 
where Tertiary representatives are known. The area in eastern 
Asia, included in a broken line, indicates the restricted natural 
habitat of the existing species, although it has been widely planted 
and thrives thi’oughoiit the temperate zones, there being large num- 
bers of magnificent trees in the Wasliington parks. Some representa- 
tive fossils of both Ginkgo and Baiera are shown in the accom- 
IDanving figures. 

The order Gnetales jiicludes but thr^^e existing genera, which differ 
wddely in habit, habitat, anatomy, gmnetophytic structures, and in 



endospeim and embiTo formation, and yet have a thread of common 
(•haracters denoting their community of origin. Ephedra, with about 
30 species of low, strag-gling shrubs with jointed ribbed stems and 
reduced leaves, inhabitb the more arid partb of both the Eastern and 
Western Hemispheres. It is the least specialized of the three genera 
and more like the Coniferales. Gnetum, with about 26 species of both 
the eastern and western Tropics, comprises small trees or woody lianas 
Avith opposite. netted-A^eined, dicotyledonous-like leaves, and is most 
adA^anced in the direction of the angiosperins. The third genus, 
Tumboa ( WelAvitschia), is a remarkable monotypi<‘ form of western 
South Afric a with a shortened, sAvolleu axis and but tAvo excessi\dy 
long [parallel veined lea\es, and is obviously most specialized (aber- 
rant). All of these modern forms are evidently the end products of 
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an ancient and diversified group which unfortunately has not been 
certainly recognized in the older fossil floras — Gnetopsis of the Car- 
boniferous (Stephanian) of Europe and Xorth America being, ac- 
cording to Gliver and Salisbury, a pteridosperni related to Conostoina. 
Gnetuiu has been definitely recognized in the Pliocene of Holland, 
Avhile several s})ecies of Ephed rites have been recorded from the 
Jurassic, Cretaceous, and Tertiary, The relationship of these latter 
can not, however, be regarded as established beyond suspicion. 
Leaves suggestive of Gnetum are also present in the Lower Cre- 
taceous of \Trginia. 

The chief point of interest in the Gnetales is their angiosperiuous 
characters shown in tlieir possession of true vessels (absent in all 
other gymnosperms) in their l>road rays, the presence of companion 
cells in the bast, the incipient perianth of the inflorescence, the floral 
morphology, the details of sporogenesis, fertilization, and embry- 
ogeny with the elimination of archegonia, the organization of eggs, 
and the dicotyledonous embryos. Such of these features as were 
known to the older morphologists^ suggested that the Gnetales were 
to be looked upon as representing the progenitors of the flowering 
plants and this view, wliicl) has long })een in disrepute, has recently 
come into prominence again and is supported by a considerable body 
of evidence. Lang cjid Thompson have shown that the Gnetales are 
undoubtedly related to the rest of the gymnosperms and are not to 
be considered true aiigiosperms, as Lignier adv'ocated. On the other 
liand, the attempt to consider them as a reduction series from the 
Mes( )Zoic Cyeadt'oidales must be considered an abortive speculation. 
Some light on their gtological history is greatly to be desired, since 
the most recent work w ith the exi.'^ting forms indicates an ancient 
and collateral relationship with the balance of the Coniferophyta, 
going back possibly to tlu^ same pteridosperm plexus from w hich the 
Cordaitales took their origin, lienee, ( omparisons of the gnetalean 
flowx‘r with the fructification^ of existing conifers is obviously futile. 
In the other direction, the lea'-t aberrant genus, Gnetum, while in no 
sense a mis>ing link," furnishes goo<l grounds for considering an as 
yet unknown group of gnetalean forms as the an<*estors of the angio- 
s perms through the primitive amentiferous families. 

The members oi the ord(u* Taxales are dioecious and they difler 
from all other Coniferophytes except the Ginkgoales and Gnetales, 
in that true <;onLN are not organized, the ovules developing into 
seeds with a partially fleshy testa (aril) or ciipule. Xormally only 
a -^ingh‘ ovule of the spoinphyll reaches maturity in the modern 
forms, although more seem to have been developed in extinct genera 
like Palis^ya. 

The laxali^'^ contain b)it s of tbc existing genera (jf the 
Coniferopbyte^ and only about lo of the 3*25 existing species. At 



PALEOBOTAXY — BEBEY. 


361 


least two, and probably three lines of descent are obvious. The first 
of these is the stock of the family Taxaceae, wliieh is repirded as 
primitive and a probable offshoot of the Cordaitales by some 
students, and is considered a modern reduction series by others. 
Whatever the intricacies of morpholoa-ical legerdemain, it can be 
positively affirmed that the Taxaceae l)ack at least as far as the 
late Triassic and are heiup more ancient than the ancestors assipied 
for them by nonpaleobotanical students. ^Moreover, the disconnected 
geographical <listribution of the 17 exhtlng species i-. a conclusive 
indication of an extended geological history, as is the greater geo- 
graphical range of all of the genera in the past than they attain 
at the present time. Tlie fossil record, in addition to occasional 



Pig, 21.— Foliau'C anti frm litu ation of T’aliss\a. 

1, 2, Twig and cone of Palissya Braunii Endl, from Khaetic of \*eiilahm near Culmhaeh, Bavaria. 

r Ct^ne scales of P. sphenolep^is Fr Braun in ventral (upper) an*! sMe view, shiAvini; seed cupules 
(after Xaihorst). 

species of Taxus (Taxites) and Tuinion (Torreya) from the Cre- 
taceous to the present, includes the Triassic genus Palaeotaxus, the 
Lower Cretaceous genus Cephalotaxites, the Upper Cretaceous genus 
Cephalotaxites, Cephalotaxo^permum, Ve>(iuia, Taxo-torreya, etc. 
Cephalotaxus fruits have been found in the Plioceiie of Euro])e and 
all of the other existing genera appear to have been well represented 
during Ceaozoic times. 

That the resemblance of Cephalotaxus to Ginkgo and of Taxus to 
Cordaiantlius, the complex vascular anatomy of the seeds, the ab- 
sence of resin canals, are not illusory features of the existing species 
is indicated by the foregoing bilef survey of the fossil forms. The 
second line of descent in the Taxales is represented by the family 
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Podocarpaceae, often made to include two subfamilies, the Podocar- 
peae and the Phyllocladoideae, Avhile some students consider the lat- 
ter to rej^resent a third evolutionary line. 

The Podocarpaceae are to-day as distinctively characteristic of 
the Southern Hemisidiere as the Taxaceae are of the Northern. 
They comprise over 50 of the 72 existing species of the order. 
Podocarpns is easily the dominant genus with over two score exist- 
ing species, and is found on all the southern continents, where it 

forms extensive stands com- 
parable to those of Finns in 
the North Temperate Zone. 

The Phyllocladoideae are 
today confined to the Austra- 
lian- NeAV Zealand region but 
both subfamilies have an ex- 
tended geological history. 
Probably their oldest authen- 
tic representative is Palissya 
(Elatocladus) of the Triassic 
and Jurassic, which had di- 
moi-phic foliage and remark- 
able lax cones made up of fiat 
lanceolate foliar-like sporo- 
i)hyl]s, with two rowsofsinall 
seeds in cupules on their tip- 
per (ventral) surface. Palis- 
sya, to Avhicli 10 or a dozen 
species have ])een referred, is 
abundantly represented by 
sterile twigs in tlie older 
Mesozoic of Kurope, Asia, and 
Arnei ica, as Avell as in both 
the Arctic and Antarctic re- 
gions. 

Another equally old genus, 
of oTeat intere-t but not (‘om- 

C5 

plc'tely knoAvn, is Stachy- 
taxus, which has two or tliree >pocles in tlu' Phaetic of Sweden 
and (Greenland. It had yew-like leaves and loose cones, each sporo- 
phyll of whicli bore a pair of large seeds on their upper (ventral) 
face, whicli are compared hy their disc*overcr (Nathorst) with 
tlie modern Dacrydiurn. Podocarpns itself contain> about a score 
of fossil siiecies wliich a])pear to have been abundant and rather 
Avidespread duiaug the Tertiary, and are doubtfully recognized in 
the Upper (’retaccons, allied giaius Nageiopsis, represented in 

the modern flora by Ihe Nageia section of Podocarpns with about a 



( after XatfiDrst >. 
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dozen broad-leafed species ranging from Japan to the East Indies 
and Xew Caledonia, is exceedingly abundant in the Lower Cretaceous 
of Xorth America, and is represented in the English AVealden and the 
Asiatic Xeoconiian. It has also been recorded from the English 
Jurassic and the Mesozoic of Xew Zealand. 

IMiyllocladus occurs throughout the Tertiary of Australia, and 
various supposedly related genera such as Phyllocladites of Spitz- 
bergen and Protophyllocladus of Xorth America and Asia are pres- 
ent in the Upper Cretaceous. Wood known as Phyllocladoxylon 
has been described from strata as old as the Jurassic. 

The difficulty of correctly determining foliar specimens and the 
lack of structural fossil material of this order leave much to be de- 
sired in the knowledge of the geological history of the order, but 
such information as is available can not safely be ignored by weavers 
of phylogenetic hypotheses. 

The ordinal rank of the Araucariales, first clearly empha'^^ized by 
Seward and Ford, receives abundant confirmation from a considera- 
tion of their organization and geological history. The difficulties of 
homologizing their morphology with that of the Coniferales or Tax- 
ales has led to endless di^cu^^sion and to the hypothesis, previously 
mentioned, of regarding them as independently derived from Lepido- 
phytic ancestoi's. The existing forms, about fifteen in number, are 
segregated into the large-leafed genus Dammara (Agathis) with 
four or five species of the Ea^^t Indian-Xew Zealand region, and 
Araucaria with ten or twelve species of South America and the 
Oriental region. They are dioecious and form large and complex 
cones in which the morphological distinction of leaf and bract is 
eliminated. The ovules are solitary and the pollen sacs are free 
and pendulous. leatures of the vasculai’ anatomy made nfuch of 
by morphological speculators are the persistent leaf traces, the ab- 
sence of resin canals, bars of Sanio, and wood parenchyma. The 
tracheids are characterized by crowded alternating, and often flat- 
tened bordered pits, indistigui^hable from those of the Cordaitales. 
I oliage leaves only are present, there being no traces of the scale 
leaves so characteristic of the Coniferales. 

The existence of a variety of ^le^ozoic genera which combine some 
of the features of Araiicarian vascular anatomy Avith Abietinacvons 
characters and the cone and foliaiTiabitsof a variety of genera (Wid- 
dringtonites, Brachyphyllum, Earitania, Thuites, Androvettia, Arau- 
cariopitys, Woodworthia.etc.) has led some students to regard the 
Araucariales as derived by reduction from Uie Abietiniaceae. which 
are usually considered the most modern and specialized conifero- 
phytes. This ingenious hypothesis entirely ignores the geological 
record, and the cone and foliar habits of the forms, here regard^l as 
the more ^ignificant. 
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Only a summary of the geological history of the order can be given 
in the follo\Ying paragrai)hs. Petrified wood from the Paleozoic 
can not be accepted as an indication of the ]n*esence of this order, 
since the wood anatomy is practically indistingui'^hable from that 
of the Cordaitales, hence the term Araiicarioxylon may be of a dual 
significance. The PTpper Carboniferous and Permian genus Walchia 
had foliage like that of the modern acicular-leafed Araucaria, bossed 
pith casts caused by the interlaced sclerenchyma fibers at the periph- 
ery of the pith, spirally-arranged leaf cushions, araucarian wood 
anatomy and single-seeded cone scales, and is commonl}" regarded as 
an early member of this order, as is also the Carboniferous genus 
Schizodendron (Tylodendron), and the Permian genera Gomjdios- 
trol)Us and Ulmannia. Permian leafy twigs have been referred to the 
genus Araucarites and various older Mesozoic genera, such as Al- 
bertia and Ihtgiophylluiii prolud)ly belong in this alliance. Ibi- 
doubted Araucarian wood and single-seeded cone scales are cosmo- 
politan during the Jurassic, and continue unabated throughout the 
Lower and Tapper ( 'retaceous. Dammara foliage tind cone scales like- 
wise become cosmopolitan during the Upper Cretac*eous, and extinct 
genera such as PseudoaraU(*aria, Avitli two seeded sporophylls, ami 
Protodammara, with three seeded sporophylls, have also been de- 
scribed. The order appears to have coiitiiiued its worhl-wide range 
well into the Tertiary for unquestionable araucarian remains of this 
age have been recorded from the Xew Siberian Inlands north of Asia, 
Xorth and South America, Euroi)e, East India, on the border of 
the Antarctic. Afric^a, then as iioav, is without records. That the 
Araucariales began to dwindle in the late Tertiary and during the 
Pleistocene is shown by their absence at those times throughout the 
Xorthern Hemisphere, their presence on Kerguelen Island and in 
the Pleistocene of the Falkland Islands, and their subfossil occur- 
rence beyond the present range of the exi^tinir species. 

The Conifer ales as here under sto(^d is an order coterminous with 
the family Pinaceae of the older botanists, and Avould possibly be 
more appropriately termed the Pinales. The details of structure 
and distribution belong more properly to recent botany, and such 
as are mentioned in the present connection Avill be introduced in the 
brief sketch of the three families into whidi the order is seirreo-nted. 
These are the Taxodiaceae, Ciipre-saceae, and Abietineaceae. 

The family Taxodiaceae comprises 8 exi-ting genera and about 13 
existing species characterize<l by a nearly complete coalescence of 
bract and ^cale, wingle- pollen, and spiral phyllotaxy. The extinct 
species greatly outnumber the existing, and the family has evidently 
passed its (‘limacteric' stage and seems destined to extinction. More- 
over, none of the genera has more than three existing s})ecies (Ath- 
lotaxis), thiee luue l)ut two (Se(juoia. Taxodium, Olyptostrobus), 
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and four have but one (8ciadopitY:=:, Cimninglniniia, Taiwania, Cryp- 
lomeria). Their restricted range is also an indication of former 
greatness. Thus Glyptostrobus is Chinese, Sciadopitys is Japanese, 
Taiwania is confined to Formosa, Cunninghaniia and Cryptomeria 
are Chino-Japanese, Athrotaxis is Australian, Sequoia is confined 
to the Pacific and Taxodium to the Atlantic border of Xorth Amer- 
ica. The family is unrepresented in Europe, Soiith Ameiuca or 
Africa at the present time. Its fossil history constitutes one of the 
romances of paleobotany, illustrating the anticiuity, growth to cos- 
piopolitanism, and siibsecjuent wane of the various types. The oldest 
known genus that appears to represent this family is the Permian 
and Triassic Yoltzia with dimorphic distichous foliage, long, slender 
cylindrical cones of imbricated three to five-iobed sporophylls, and 
two or three- winged seeds. There are at least half a dozen si>ecies 
known and they are recorded from Europe, Asia, and South Amer- 
ica, but not certainly from North America. 

Another ancient and truly cosmopolitan genus was Cheirolepis, 
witli distichous twigs, short pointed leayes and fiye-lobed two-seeded 
sporophylls. A genus of doubtful affinities is Leptostrobus of the 
Jurassic of Asia and North America, although Sequoia appears to- 
ward the end of that period (Portlandian). In the Lower Cretace- 
ous the more noteworthy genera are Sphenolepis and Athrotaxopsis, 
although Sequoia is undoubtedly represented by foliage, cones and 
structure material at widely separated localities. 

The Upper Cretaceous genera are Geinitzia, which may belong to 
the Araucariales; Ceratostrobus and Microlepidium, both European 
genera; Cunninghamiostrobus, a Japanese genus based upon struc- 
tural cone material; Cunninghamites, which had numerous species in 
Greenland, Europe, and North America; and Sequoia which is 
abundant and recorded from all the continents except Africa and 
Australia, and from Sx>itzbergen on the north to Graham Land on 
the South. During the Cenozoic, especially during the older Ter- 
tiary, Sequoia continued unabated and is recorded from all the con- 
cinents except Africa. Athrot-axis is recorded from Europe, Cryp- 
tomeria is found in Europe and the Arctic, while Taxodium and 
Glyptostrobus are found everj^where throughout the Northeni Hem- 
isphere ill the greatest abundance, and both genera are still present 
in Europe as late as the early Pleistocene. 

The most obyious characteristic of the family Cupressaceae is the 
cyclic arrangement of the reduced leaves, a feature which, acquired 
early in their history, has continued unchanged from the Cretaceous 
to the present. The cones are small and are hard or fleshy at ma- 
turity. The existing genera are nine in number and contain about 
SO species, of which 40 per cent belong to the genus Juniperus. The 
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smaller genera show a^Dparent anomalies of distribution coupled 
wdtli an extended history. 

There are a number of Mesozoic genera, of which Brachyphyllum 
(Echinostrobus) is the most prominent and including Raritania, 
Thuites, Aiidrovettia, and presumably Moriconia and Inolepis, 
which have been investigated anatomically and which show various 
combinations of the following features: Sclerotic pith, lateral pits 
of ray cells, branched leaf traces, mucilaginous resin canals, uni- 
serial spaced bordered pits of the tracheids passing into alternating 
and sometimes mutually flattened series, transfusion tissue not lat- 
eral to the foliage strands, but showing a tendency to surround the 
phloem. These and other features are regarded in some quarters as 
indicating that these genera are descended from the Abietineaceae 
and should be included in the order Araucariales— a view that has 
received but slight acceptance and one that is dissented from in the 
present article^. 

The family history goes back to Widdringtonites of the Triassic, 
and to Palaeocyparis and Brachyphyllum of the Jurassic. These 
are not altogether conclusive in their testimony, but the family 
springs into unquestionable prominence during the Upper Cretace- 
ous at which time in addition to Brachyphyllum, Thuja, Thuites, 
Juniperus, and disputed genera like Aiidrovettia, iloriconia, and 
Inolepis, there were well marked species of AViddringtonites and 
Ih*enelopsis in which the foliar features are substantiated by fructi- 
fication characters, wliich in the case of the valvular cones of the 
Actinostrobinae are unmistakable. The genera Callitris, Cupressus, 
Chjunaecyparis, and Libocedrus appeared in the Eocene, while many 
of the Cretaceous genera survived into that time and attained an 
extended range. 

The family Abietineaceae is characterized by almost completely 
distinct bract and scale, by winged pollen, short shoots, needle leaves, 
and various recondite anatomical features of unproved phylogenetic 
import. They are admittedly the most complex morphologically, and 
are usually regarded as the most modern family of Coniferophyte>s, 
although some students consider them to represent the ancestral stock 
from which the Araiicarialea, Taxales, and the Taxodiaceae and Cu- 
pressaceae have been derived by reduction. AMiichever view finally 
prevails, there can be no question but that in the light of present 
knowledge they have much the shortest geological history. There 
are 0 genera and about 125 existing species, of which more than half 
belong to the genus Finns, and they form extensive forested areas in 
the North Temperate Zone, to which they are practically confined. 
Extinct genera are rare and include the XTpper Cretaceous Prepinns, 
Entomolepis, and Plutonia. Among the still existing genera, Pinus 
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has numerous extinct species and goes back to the Lower Cretaceous 
(Pinites or Abietites), Cedrus goes back to the Lower Cretaceous, 
Picea and Abies to the dawn of the Lpper Cretaceous, while Tsuga, 
Pseudotsuga, and Larix are exclusively Tertiary and Eecent. The 
family is especially varied and widespread in the relatively short 
period from the Oligocene to the Recent. 

axgiospermophyta. 

The taxonomy of the angiosperms is still in a most unsatisfactory 
state. The chief steps in their classification have been taken by 
Ray (1703), Jussieu (1789), De Candolle (1819), Endlicher (1836- 
1840) , Brongniart (1843), Braun (1864),Benthamand Hooker (1862- 
1883) , Eichler (1883) , and Engler (1892) . While very imperfect and 
founded to a too great degree upon floral morphology the classifica- 
tion proposed by Engler and derived largely from Eichler’s work is 
the most satisfactory, and it has the additional advantage of having 
been elaborated in a general systematic treatise. 

In contrasting the angiosperms with the coniferophjdes or "with any 
of the other great groups of seed plants, one is impressed with the lack 
of knowledge of both recent and fossil forms. Making their appear- 
ance in the geological record during the Lower Cretaceous, they soon 
outdistanced all competitors and from the Eocene to the present they 
have been the dominant plant group. Over 100,000 existing species 
are known, and the fossil forms, even in the relatively short period of 
their dominance, probably outnumber the recent, so that vast numbers 
of species and very imperfect knowledge render a generalized presen- 
tation well nigh impossible. 

The angiosperms undoubtedly show the most perfect adjustment 
of the plant organism to a strictly terrestrial existence. Adaptai>Ie 
to a degree unequaled in other phyla they inhabit the most diversified 
environments, and some have secondarily invaded the sea margins as 
well as the lakes and streams, while others have become parasites, 
saprophytes, or epiphytes. The modification of their flowers for se- 
curing cross-pollination through the agencies of insects or birds is well 
known, as are the various modifications of fruits and seeds for dis- 
persal by wind, mechanical ejection, floating, passing unharmed 
through the alimentary tract of birds or mammals, sticking or cling- 
ing to fur or feathers, etc. Ranging in size from tiny aquatics to 
giant trees several hundred feet tall, and ranging in their life span 
from that of a single season to several thousand years, they are the 
most impressive members of the vegetable kingdom. Fruits are con- 
fined almost exclusively to angiosperms and are apparently one of 
the effects of fertilization, as specializations for protection and dis- 
persal of the seeds. 
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The variety of fruits is almost as great as th:it of Howers, and must 
be considered an important factor in the success of the angiosperins, 
as well as one of their prime benefits to humanity. It seems more 
than a coincidence that the evoluticm of a group of plants of the ca- 
pacity of the angiosperms, in which, as in some of the cereals, 30 per 
cent of the total weight of the plant is stored as elaborated food in the 
seeds, should have been contemporaneous with the evolution of the 
warm-blooded animals. At any rate, it seems certain that human 
civilization could not have evolved but for the evolution of this plant 
phylum. 

The angiosperms are so numerous and present so many morpho- 
logical diversities that it is impossible to give a succinct characteriza- 
tion. Their outstanding feature is augiosperiuy it>elf, i. e., t)ollina- 
tion results in bringing the j)ollen spores in contact with a recet)tive 
surface of the carpel (stigma), and not with the ovule, as in all 
other known .seed plants. All knoAvn angiosperms have cloNcd 
ovaries, and no other phyla have. At the same time it should be 
recalled that angiospermy Avas itself a product of evolution and that 
some time a series of fossil forms may ])e discoAered shoAvincr this 
character in the formative stage. 

Anatomically angiosj^erms are characterized, the dicotyledons nor- 
mally and the monocotyledons primitively, by the va-ciilar system 
of the stem constituting a tubular cylinder (siphono-tele) of col- 
lateral bundles and having leaf gaps. The Avood is marked by the 
presence of A^essels arising through cell fusion — a feature common to 
the gnetalean coniferophytes anti one absent in certain specialized 
families of angiosperms such as the Cactaceae and Crassulaceae, and 
in other possibly ])rimitive families such as the Trochodendraceae. 
The improved conductiA^e and supporting t issuer of the angiosperms 
result in a general improvement in storage tissues and in a great 
expanse of foliage, and consequently a greatly increased production 
of nutritive materials. These histological features as Avell as the 
floral morphology, to be alluded to presently, are features of the 
sporophyte generation. The history of the male garnet o])hyte does 
not differ materially from that AAiiich obtains in the A^aiaou- gvinno- 
sperm phyla; but the female gametophyte is not only more reduced, 
but its development is associated Avith nl‘^v ami ]>eculiar features. 
Free nuclear diAusion in the egg is AAantiug' (a f(\itui‘e common to 
Gnetum and Tumboa among the Gnetales). The process of Avhat is 
commoidy called double fertilization i:, a strictly angiospei*mous 
characteristk*. Among the units organizcMl in the embryo sac is 
Avhat is knoAvn as an endosperm nucleus. One sperm unites with 
the egg nuclei!^, and the result of this union is the embryo. The 
second sperm nucleus unites Avith the endosperm n\icleus, and the 
result of this union is the trophophyte or endosperm Avhich furnishes 
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the nutriment for the developing embryo and the subsequent 
germinating phvntlet. This course of events is strikingly uniform 
throughout the phylum and is unknown in other plants. 

Those who consider the formation of seeds as the most important 
characteristic of a definite group of vascular plants (Spermophyta) 
ignore the history of the origin of the seed habit, and the result is 
no more natural than the old Exogenous and Endogenous classes, 
or than one which attempted to Ube homospory and heterospory to 
define natural groups of the remaining vascular plants. Moreover, 
such a treatment is confronted with the necessity of defining a 
flower. If a flower is considered as a group of sporophylls in order 
to include the gymnosperms, it then includes many of the so-called 
flowerless plants. If, on the other hand, the gymnosperms are 
placed in their correct perspective and a flower is defined as a group 
of sporophylls associated with a perianth, the limit of the flower 
corresponds almost exactly with the limits of the phylum (except 
Gnetales) and the necessity, if such exists, for abandoning the con- 
venient term flowering plants, as some students have advocated, is 
obviated. The popular concept of a flower is too firmly intrenched 
to warrant any attempt to arrive at a more philosophical morphol- 
ogy, and the fact that floral envelopes are lacking, either primitively 
or by reduction in some groups, is no more pertinent than the fact 
that some flowers consist entirely of floral envelopes and lack sporo- 
phylls. 

The presence of floral leaves (calyx and corolla) surrounding the 
sporophylls and derived both from sterilized sporophylls above and 
bracts below, appears to have been conditioned largely by the habit 
of entomophily. Although the primitive floral envelopes were 
probably protective in their function, certainly their svibsequent 
hibtory and great diversity of detail are the result of entomophily. 
In the more juimitive flowers the sporophylls tend to be free and 
the axis tends to be elongated with the members in a spiral arrange- 
ment. Evolution of the flower proceeded along the lines of reduc- 
tion in axial length until the members passed to a cyclic arrange- 
ment when they tended to become definite and fewer in number and 
at length became confluent to a greater or less degree. The three 
marked stages are termed hypogynous, perigynous and epigynous, 
and all grades of intermediate stages are present. Inequalities of 
growth result in other diversities. The members tend to evolve 
from a radial symmetry (actinomorphic) to a bilateral symmetry 
(zygomorphic) or to an isobilateral symmetry with two planes of 
symmetry and with the halves unlike. 

Systematists segregate angiosperms into two series — monocotyle- 
dons and dicotyledons — and there lia^ been almost endless discussion 
as to which line was the more primitive. Both were present in the 
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Cretaceous, so that history fails to shed any light on the problem. 
Formerly, gyinnospermous and other remains from the older rocks 
were thought to represent monocotyledons, but none such are now 
recognized. Modern opinion tends in the direction of regarding the 
distinctions between these two groups as largely cumulative, and that 
the number of the cotyledons and the correlative characters are of 
less phylogenetic importance than was formerly believed. The view 
is here advocated that the angiosperms are strictly monophyletic 
that the monocotyledons are not primitive, nor did the primitive an- 
giosperms exhibit combined monocotyledonous and dicotyledonous 
characters, but that the dicotyledonous type is the more primitive, 
and that it has given rise to the monocotyledonous stock, not, how- 
ever, as a single or monophyletic line of evolution, but by one such 
line combined with several reduction series derived from different 
regions in the dicotyledonous plexus. Systematists have long rec- 
ognized tlie similarities between the monocotyledonous arums, pond 
weeds, and screw pines on the one hand, and the dicotyledonous pep- 
pers and willows on the other, as well as the convergence of certain 
Ranalian groups and the water plantains. The case of the water-lily 
family is a classic instance of a group of dicotyledonous origin which 
has essentially reached the monocotyledonous category. 

Analogies between the ampliisporangiate flowers " of the aber- 
rant Cycadeoideas of the Mesozoic and sucli dicotjdedonons flowers 
as those of the Magnolia have furnished a basis for a theory of angio- 
sperm descent which, while fascinating, is believed to be illusory. 
More deflnitc evidence for a revival of the old view that tlie angio- 
sperms are related to the gymnosperms through the amentiferous 
dicotyledons and some ancient gnetalean type similar to Gnetum has 
recently been accumulated. This evidence com})rises the character 
of the inflorescence, tlie floral niorpholog}", the details of sporogene- 
sis, fertilization and embryogeny, the organization of vessels in the 
wood, the broad rays, companion cells in the bast, the habit and foli- 
age, the dicotyledonous embryo, the elimination of arehegonia and 
the organization of eggs. The foregoing considerations are derived 
entirely from a study of recent forms, since no certainly determined 
fossil forms of Giietales are known, and no known fossil angiosperms 
throw any liglit upon these features. 

The monocotyledons and dicotyledons may now be briellv charac- 
terized. In the former many of the forms are herbaceous, which 
argues for modernity. Anatomically the bundles are closed (am- 
phi vasal), are without cambium, and are scattered through the paren- 
chymatous ground mass of the central cylinder. Sometimes the 
biin{lles indicate a primitively circular arrangement such as obtains 
in the dicotyledons, and the theory that a tubular central cylinder 
with foliar gaps was an ancestral condition accords with the vdew of 
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phylogeny here advocated. Tliiy does not mean, however, that the 
monocotyledons are strictly modern and inonophyletic. The flowers 
tend to be triinerous and chalazogamy has not been observed. There 
is a greater reduction of sporogenous tissue in the megasporangium 
than in the dicotyledons. There is one seed leaf or cotyledon which 
is terminal in position, while the stem tip is lateral. The leaves are 
poorly differentiated into blade and stalk and tend to be entire, sheath- 
ing, and lack stiiDules. The venation is closed and the primary and 
lesser systems are so sharply contrasted that the leaves are commonly 
considered parallel veined, and even when the latter feature is less 
obvious as in the arums and many tropical forms, the contrast in 
caliber just mentioned remains obvious. 

In the dicotyledons the stem shows a tubular cylinder (siphonos- 
tle) of collateral bundles, a persistent cambium forms secondary 
phloem and xylem, both of which elements arise through cell fusion. 
Secondary thickening results in a relatively larger dis])lay of assimi- 
lative tissue (foliage ) and a branching habit. The cotyledons are two 
in nurnl)er and lateral in position, and during germination the grow- 
ing points and cotyledons are liberated by the elongation of the hypo- 
cotyl as contrasted with the inonocotyledonous tendency to free the 
root and stem tip l)y the elongation of the cotyledon which functions 
as an absorliing organ suggestive of the foot of pteridophytes. The 
dicotyledonous flowers tend to be four or five inerous. The leaves are 
Avell differentiated into petiole, blade, and frequently stipules are 
present. The ^'enation is graduated and open and lienee prevailingly 
netted- veined, and this results in all degrees of lobation and division 
of the laminae. 

Historically the olde-t known angiosperms are found in the Lower 
Cretaceous of Greenland, North America, Em-ope, Australia, and 
New Zealand. These earliest known types do not appear to be 
primitive (only the foliage and secondary wood structures are 
known), and an extended earlier but unknown period of evolution 
seems to be demanded. By the close of the Upjier Cretaceous, both 
inonocotyledonous and dicotyledonous angiosperms are not uncom- 
mon, and these include palms and most of the principal families ex- 
cept the most specialized, such as the orchids among the former and 
the composites among the hitter. A second modernization of the 
flowering plants took place at the daAvn of the Tertiary and a third 
modernization in the Miocene. The Mio(*ene flf)ras were much like 
those of the present, but were richer in arborescent types and the 
forms were more widely distributed than they are at the present 
time. The bulk of the herbaceous vegetation appears to have been 
relatively modern in its evolution and those large groups or parts 
of gi'oups that are especially characteristic of existing temperate 
floras, such as the Cruci ferae, Borraginaceac, Labiatae, CompoMtae, 
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Umbelliferae, Ivranieriacouc, Papilioiiaceac, etc., were relatively lery 
modern and tlieir main evolutionary deployment seems to have been 
largelv Pleistocene and postglacial. The subject is much too large 
foAreatment in the present article, but a somewhat full discussion of 
the geological history of the angiosperms will be found in the Pro- 
ceedings of the American Philosophical Society, volume 53, pages 
129-250, 1914. 



Fig. 26.— Diagram the geologic hibtcrj' and I'hylogcny of vascular plants. 

COXCDUSIOX. 


The mutual relationships of tlie various gi’oups of vascular plants 
that have been briefly disctissed in the preceding paragraphs are 
shown in figure liO. which aims fo represent graphically their 
phylogeny as under-stood by the writer and their relative importance 
. throughout geologic times. 

THE EVOLUTION OF FLORAS. 

STAGES OE PL.VXT EVOLUTION'. 

Somewhat as in human history a long period of mythology pre- 
ceded written history, so in a consideration of the history of the 
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plant life on tlie eartli the period of preberved records may be ap- 
proached through a long antecedent vista of theoretic and more or 
less sx^ecidative conclusions, which, since plant life seems to have 
preceded the first distinctive animal life, reach back to the hypotheti- 
cal origin of life itself. These stages may be somewhat arbitrarily 
considered as embracing first an Eo|:)hytic stage, followed by a 
Chloropliyllic stage, and the latter may be divided into an Algal 
substage, and a second or Pteridophytic substage comprising the 
origin and subsequent evolution of land j)lants. 

The more important advances during the evolution of land plants 
have been the acquisition of secondary wood formation and the 
development of heterospory and the seed habit. 

The marvelous recent discoveries in bacteriology have shown by 
what means the first life forms derived their nourishment through 
the utilization of inorganic materials. Bacteria are the simplest as 
well as the smallest of known organibins, and because of their minute 
size and similarities in form they are classified largely by the pro- 
found chemical reactions which they inaugurate. It is quite possible 
that they represent the first stage in the evolution of life upon the 
glo]:>e. At any rate they illustrate for us the manner in which, in a 
prechlorophyllic stage of x)lant history, simple organisms like bacteria 
derive their nitrogen from ammonia compounds and their energy by 
means of oxidizing catalyzers. All organibms which do not utilize 
organic cai'bon must have some source of energy that will enable 
them to take up carbon dioxide and j^artially replace the oxygen 
with hydrogen and thus build up complex organic compounds. The 
energy for this transformation is obtained by the oxidation of carbon, 
nitrogen, sulphur, or iron derived from hydrogen sulphide, ammonia, 
etc. These forms constitute the fcnir primitive types of oxidizing 
bacteria that are known at the present time, and such forms which re- 
quire no organic food materials are termed Prototrophic bacteria 
(nitrifying, nitrogen fixing, sulphur and iron oxidizing). Thus his- 
torically chemosynthesis must have preceded photosynthesis. Recent 
studies show that some form of photosynthesis by means of which cer- 
tain bacteria utilize purple and other pigments in emx:)loying the 
infra-red rays of light probably preceded and may have been a step 
toward chlorophyll activities. The j^rimitive bacteria have a proteid 
cell wall which is a modification of the general i^rotox^lasm, and not 
one of cellulose ; they contain chromatin but do not organize a definite 
nucleus, and they multiply largely by vegetative fission. Systematists 
erect a phylum, the Sohizophyta. to which they refer the Schizomy- 
cetes or bacteria, and the Cyanophyceae or the so-called blue-green 
algae. The latter are microscopic forms with a related organization, 
formerly considered ns the ancestors of the bacteria, which were thus 
136650°— 20 25 
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regarded as simplified or degenerate types — a reversal of their true 
relationship. 

The largely S 2 :>eculative conclusion sketched above derives a con- 
siderable measure of probability from the recent discovery of fossil 
bacteria, as well as evidences of their activities in some of the oldest 
sedimentary rocks, and it is legitimate to consider that the denudation 
of the most ancient rock surfaces was accelerated by the action of 
bacteria in facilitating rock weathering exactly as they have been 
shown to do at the present time. The next stage in bacterial history, 
represented at the present time by the IMetatrophic forms, was that 
in which the necessary carbon for their activities was derived from 
the complex nitrogenous compounds of other bacteria, or of algae as 
the latter came into existence instead of from inorganic sources. The 
third stage was one in which the habit of true parasitism became 
developed, represented at the present time by the Paratrophic bac- 
teria. The evolution of Met atrophic bacteria appears to have brought 
to a close that period of earth history during which the process of 
organizing complex organic molecules from inorganic materials was 
possible, since bacterial activity would inhibit such processes, and 
this explains in a mea.^ure why the oiugin of life was an evolution 
that could not take place in later geologic times. 

Pre-Cambrian limestones, as well as those of later ages, which are 
without traces of discrete organisms, are now considered by geologists 
as indicating the presence of bacteria as the active agents of deposi- 
tion, in the same manner as Drew and others have shown the recent 
calcareous oozes to have been precipitated. This also furnishes stu- 
dents with some measure of the probable temperatures of the waters. 
Similarly iron bacteria are probably responsible for the bedded iron 
ores of the primitive rocks. 

The presence of Proterozoic bacteria has been demonstrated 
recently by Walcott. Paleozoic bacteria were first discovered by Van 
Tiegham in 1879, indicated by the evidences of butyric fermentation 
in the cellulose membranes of silicified plants from Saint ]Etienne. 
Subsequently a considerable number of Paleozoic bacteria were de- 
scribed by Renault and others by a microscopic study of sections of 
petrified plants and coprolites. Evidences of bacterial activity are 
obvious in petrified-plant material of all geological ages, but this 
field of study is not an especially fruitful one, since these organisms 
are so small, so ancient, and unchanging, and hence offer but few 
reliable characters of systematic value. 

It might perhaps be legitimate to divide plant evolution into two 
major stages — the prechlorophyllic and the chlorophyllic — and to 
consider that the eophytic stage leading to the formation of the 
simpler algae required as long a time as all the subsequent evolution 
of the vegetable kingdom. AYhen, however, it is recalled tlitat the 
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whole protoplasm of these unicellular forms was virtually in con- 
tact with the environment the degree of potency of modifying forces 
must have been enormously gi^eater than it was after the protoplasm 
was inclosed in a barrier of cellulose, or was rendered relatively inert 
by the formation of specialized systems of tissues. Thus these first 
stages of plant evolution may not have required the eons of time 
that at first thought seemed probable. During the Eophytic stage 
of evolution the hyi^othetical |>rechlorophyllic phase passed grad- 
uallj'^ into a second or chlorophyllic phase which may appropriately 
be termed the Algal phase of evolution. The original bacteria-like 
life forms obtained their energy from the geosphere and the hydro- 
sphere. The formation of chlorophyll enabled them to make in- 
creasing use of the atmosphere as a source of energ}\ This develop- 
ment of chlorophyll, first as scattered granules and subsequently as 
definite plastids, so that the sun's rays were utilized for photosyn- 
thesis and the abstraction of carbon from the carbon dioxide of the 
atmosphere, was perhaps the greatest forward step in the evolution 
of life, second only in its importance to the origin of life itself. 
That this second phase of plant evolution was very ancient is shown 
by the traces of algae in the Pre-Cambrian rocks and by various 
collateral lines of evidence of plant activity, such as the vast amount 
of carbon (graphite) in the Proterozoic schists, the presence of opal 
silica due to algal activity, and the large amounts of bedded iron ore. 

Nearest to the bacteria are the Cyanophyceae or blue-green algae. 
They are all tiny forms world- wide in their distiubution, found in 
the intercellular spaces of higher plants, on bark, leaves, and roots, 
and forming, as the so-called gonidia, one of the two components of 
the lichen thalliis. Their cell nucleus appears to lack a limiting 
membrane, their chlorophyll is not definitely organized into chloro- 
plasts and they multiply entirely in a nonsexual way by fission. The 
primitive epicontinental seas probably swarmed with Cyanophyceae 
where the waters contained sufficient terrigenous sediments in sus- 
pension to furnish the needed nitrogen, phosphorus, etc. Where 
(lenitrifvingbacteria rob the sea water of its nitrogen and precipitate 
calcareous ooze, algae are not common. The alga stock subsequently 
became diversified both in their vegetative and reprodiudive structures 
and processes for the various marine habitats, and have changed but 
little during the ages. It is among the more primitive of the Chloro- 
phyceae or green algae, particularly the fresh-water forms that an- 
alogies point to the next great step in plant evolution, which was the 
invasion of the land. This finally resulted in the diversified vegeta- 
tion of trees, fruits, and flowers as they exist at present. This third 
stage of plant history, which had its inception in pre-Devonian and 
prol>al>ly in ]U’e-Camhrian time, may appropriately be termed the 
Pteridophytic stage, and from these early pteridophytic stocks have 
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come not only the megaphyllous ferns, seed ferns, cycads, conifers, 
and flowering plants, but also the microphylloiis lepidophytes and 
arthrophytes, while the Bryophyta represent an independent and 
never thoroughly terrestrial line of evolution from other algal types, 
and are otherwise unrelated to the higher plants. 

Summarizing the foregoing largely speculative evolutionary sketch, 
the history of the vegetable kingdom may be divided into a pre- 
chlorophyllic stage, the first chlorophyllic or algal stage and a second 
chlorophyllic or pteridophytic stage inaugurated by the beginnings 
of a land flora. The subsequent evolution of the various types of land 
plants from fern-like ancestors comprises stages of lesser magnitude 
and come more completely within the range of observation. 

The most momentous event in the later history of the vegetable 
kingdom was the first occupation of the land. That we must look to 
the algae for the origin of land plants is clearly shown by the am- 
phibious method of fertilization of all the so-called archegoniates. 
It was probably some of the simpler green algae (Chlorophyceae) 
that first left the water, somewhat as does the modern Botrydium. 
The necessity of a water supply resulted in water-absorbing organs 
(roots), and epidermal cuticularization to limit evaporation, and sub- 
sequently, to the evolution of mechanical tissue and conduction tissue 
to enable them to lift their assimilating organs above the surface. At 
first these primitive land plants were limited to moist environments 
and have been compared by Campbell with certain liA^erworts, as 
those of the class Anthocerotes, which he considers may represent in 
a general way the stock rom which the mosses diverged in one direc- 
tion and the ferns in another. Paleobotany furnishes no support for 
this specific view. 

Formation of secondaiy wood by the various stocks of early land 
plants was a great advantage and far reaching in its results. Increase 
in diameter meant ability to reach a greater height and carry more 
branches, and thus display more foliage, and this meant many changes 
in habit and greatly increased working power. This may be summed 
up in greater mechanical strength, more assimilating tissue, and better 
conducting tissue. 

Some lines, like the Cordaitean, evolved a regular arrangement with 
centrifugal additions like that perfected in modern trees. Other lines 
experimented with the old cryptogamic centripetal secondary wood. 
Others su{‘ceed(Ml for a time in reaching a lofty stature with only a 
thin zone of secondary wood, relying mainly on the thick cortex for 
mechanical support. Such were the Le])idodendrons. but that their 
solution of the problem was incapable of survival by modification into 
something more efficient is proved by their failure to appreciably 
survive the Paleozoic. 
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Another early evolutionary advance v as the origin of lieterospory 
in the originally homosporous lines of descent. Reproduction by 
spores waSj and still is, essentially an aquatic process, and hence de- 
pendent almost entirely upon external and uncontrollable conditions. 
By developing two kinds of spores the megaspores could be provided 
with a better chance of survival, while the microspores could be effi- 
ciently produced in much greater numbers, and thus render the chances 
of fertilization more favorable. The next step, ajoproached through 
a series of forms that retained the mega spore for a gradually length- 
ening period, during which the parent plant furnished the needed 
nutriment and water and evolved an apparatus for facilitating the 
access of the sperm to the egg coll, leads naturally to the organization 
of true seeds, which was early approximated in such diverse stocks as 
the Lepidophytes and Pteridophytes, and perfected in the Pterido- 
spermophytes. It is^perhaps unnecessary to dwell on the advantages 
of the seed habit, the supremacy of its possessors in the later period of 
geological history, and at the present time, is conclusive evidence of 
the advantage it gives in the struggle for existence. It may be com- 
pared to the lengthening of the period of infancy, which is a factor of 
such importance in the most advanced human races, and seed and 
spore methods of reproduction may be compared with the Auviparity 
of the higher mammals as contrasted with the OAuparity of such ani- 
mals as most of the fishes or the pelecypod mollusca. 

The question of the origin of the characteristic alternation of 
generations is not directly a paleobotanical question. The absence 
of Bryopliytes from the early floras and the general character of the 
oldest known land floras are entirely opposed to the derivation of the 
sporophyte from a sporogonium. The view that it was derhnd from 
a branched thallus has several supporters (Tansley, Lang). On the 
other hand, as Coulter forcibly puts it, there is no reason why an 
erect leafy axis bearing neither spores nor gametes is not quite as 
supposable as the appearance of a sporophore with neither gametes 
nor leaAns, or a gametophore witli neither spores nor leaAns. On 
such a Anew, leaves would be primary structures — a Anew with much 
historical probability. Conse({uently the evolution of cones Avas se- 
quential — a Anew in accordance with the older mornhology. 

PRE-DEVONIAN IX<^RAS. 

Except for some very inconclusive objects, many doubtful, and a 
considerable number of well-authenticated algae (such as Core- 
matocladiis, Chaetocladus, Callithamnopsis, Primicorallina from the 
Trenton limestone of Xew York and Wisconsin; Xematophycus and 
Pach\dheca from America and Europe), no fossil plants are knoAvn 
from the pre-Devonian. The supposed Silurian flora described by 
Dawson and Matthew from Xew Brunswick, and that described by 
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Potonie from the Harz are now known to be Upper Carboniferous 
and Devonian, respectively. Nevertheless, the advanced character 
of the Devonian floras makes it a certain assumption that a some- 
what similar flora existed during Silurian times. Floras are most 
fully preserved in continental deposits and these are the first to be 
destroyed during subsequent cycles of erosion, unless they happen 
to be deeply buried, and then they may never come to light in sub- 
sequent times. It is only from Devonian and later times that any 
considerable number of continental deposits have escaped this fate 
and are available for our enlightenment. Consequently, terrestrial 
floras appear upon the scene with apparent suddenness during the 
Devonian. 

DEVONIAN n.ORAS. 

Such Devonian floras as are known — and their distribution in- 
cludes Spitzbergen; Bear Island; the maritime Provinces of Can- 
ada; Maine, New York, Kentucky, and elsewhere in the United 
States; Russia, Norway, Scotland, Ireland, Bohemia, and Germany 
in Europe; and Australia in the Southern Hemisphere, as well as 
scattered loc‘alities of minor importanc e elsewhere — apparently indi- 
cate a cosmopolitan flora that was very like that of the succeeding 
Lower Carboniferous times. Many supposed fucoids have been de- 
scribed from Devonian rocks, but these are for the most part of 
a very indefinite nature. The gigantic stems of Nematophycus 
found in both the Silurian and Devonian are recorded from Canada, 
New York, Ohio, England, Wales, and Germany. Their structure is 
often preserved and they are indubitable algae, probably representing 
ancient and giant relatives of the modem Laminarians, which often 
grow to great size. A type exceedingly abundant and characteristic 
of the Middle Devonian of the Appalachian region was Spirophyton, 
which has often been considered as of mechanical origin, but which 
shows a carbonaceous spirally ascending thallus that passes tlirougli 
the bedding ^danes of the rock and probably represents an ancient 
seaweed comparable to a modern Thalassophvlliim. Objects ap- 
parently representing the oogonia of Devonian charaphytes have been 
recorded from Ohio and elsewhere. 

The ferns are represented in the Devonian by Asterochlaena, a 
genus of the family Zygopteridae, which ranged from the Devonian 
to the Permian; and by a considerable number of rather widespread 
genera of not very certain lx)tanical position, such as Sphenopteris, 
Sphenopteridium, Ehizomopteris, Otidophyton, Dinieripteris, Spi- 
ropteris, Rhodea, Hostimella, Aneimites, Rhachiopteris, etc. Cer- 
tain similar but later forms have been show n to be pteridosperms, so 
that the status of many of these Devonian forms is rendered un- 
certain. A striking fern-like plant, conspicuous in the Devonian of 
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3. Art'haeopteris fibsils Xathorst. Devdnian of Uu>iia < after Xathorst 
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oa. Group of sporangia of same [after White). 
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North America, Europe, the Arctic, and possibly present in China, 
is Archaeopteris. It includes a considerable number of species and 
appears to have survived into the Lower Carboniferous of Spain 
and elsewhere. 

Archaeopteris shows considerable variation in the details of its 
organization. Its fronds were large, occasionally a meter in length, 
bipinnate with stipules at the base of the stipe. Sterile pinnules 
cuneate or obovate with entire or variously toothed or laciniate mar- 
gins and dichotoniously flabeUate veins. The fertile pinnules borne 
on the same fronds with the sterile pinmdes had their laminae 
greatly reduced and carried sessile or short-stalked large oval 
sporangia in groups of twos or threes. The latter are usually re- 
garded as exannulate, and consequently Archaeopteris was formerly 
considered to have been a marattiaceous fern, although latterly, 
many students regard it as probably a pteridosperm. (PI. 4.) 

The Pteridosperms were also pi’obably represented in the Devo- 
nian by the structural materials known as Kalymma petioles, and 
by the genera Cladoxylon and Calamopitys repi^senting two dif- 
ferent family types. The Lepidophyte phylum included Devonian 
species of I^epidodendron, Leptophloeum and Lepidostrobus and an 
abundance and variety of Bothrodendraceae referred to the genera 
Porodendron and the cosmopolitan Bothrodendron. An idea of their 
abundance may be surmised from the fact that the so-called paper 
coal of central Russia is made up largely of their stem cuticles. 
One of the most exceptional Devonian plants and the largest known 
pre-Carboniferous tree is ProtoIepidode7uImn primaevxtm^ which 
was found in the Portage beds near Naples, New York (fig. 28). 
The expanded butt shows that some secondary wood was probably 
formed. The roots are gone but Stigmaria-like rootlets, were pi^e- 
served. At the base of the trunk the leaf scars are irregular. Above 
the base they are closely spaced on pronounced vertical ribs as in 
the Favularia type of Sigillarias. Higher up the ribs die out, the 
scars become rhomboidal, and bolsters appear until typically spirally 
arranged lepidodendron scars have replaced the Sigillaria type. 

The leaves were persistent, about 3 cm. long, dilated at the base 
as in Bothrodendron, and lax or recurved. The leaf scars are on the 
most prominent part of the bolsters, oval in form, and show an upper 
or ligular scar, a central leaf trace scar, and on either side of the 
latter large lunate parachnoi. This remarkal)le type Ijelongs to the 
group that includes similar forms often referred to the genus 
Archaeosigillaria, and represented in the Devonian of New York, 
Pennsylvania, Norway, England, Bohemia, and Germany. Phylo- 
genetically they appear to lie halfw ay betw een Bothrodendron and the 
Rhytidolepis Sigillarias. The genus Psilophyton which characterizes 
the Devonian of North America and Euro])e is very imperfectly knowm 
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The Devonian Arthrophytes included numerous primitive forms 
of Calamites known as Archaeocalamites. These are distinguished 
from the later Calamites by their unequal internodes, nonalternating 
ribs, and their dichotomously divided leaves. The imperfectly known 
order Pseudoborniales, with their lax cones and similarly compound 
leaves, belong here. Foliage indistinguishable from that of the later 
Asterophyllites and Annularia was present in the Devonian. Spheno- 
phyllum — theoretically the most ancient Arthrophyte — Avas present 
in Xorth America, Europe, and Bear Island, and the genus Hyenia 
from the Devonian of Norway is also supposed to haA^e represented 
the Sphenophyllales. 

The higher vascular plants of the phylum Coniferophyta were un- 
doubtedly present during the DeA'onian, but so much of the material 
is made up of fragmentary impressions that great confusion prevails. 
Forms called Psygmophyllum may represent either the Ginkgoales, 
Cordaitales, or be simply fern foliage. A Ginkgophyllum described 
from the DeA^onian of Ireland appears to be an early member of the 
Ginkgo stock. The Cordaitales, which were so prominent in the later 
Paleozoic, are represented in the Devonian by pith casts resembling 
Artisia and Sternbergia. This is not certain proof of the presence of 
true Cordaites nor are the fragments f mm DeA^onian rocks referred to 
Cordaites conclusive. The decisive evidence of the presence of Cor- 
daites or of closely allied forms belonging to this order, is furnished 
by the petrified woods from widely scattered Devonian localities re- 
ferred to Dadoxylon or Araucarioxylon. A recently proposed genus, 
Callixylon, is based upon beautifully petrified wood of seA^eral species 
from the Middle and Upper Dca oiiian of Ohio and Eussia. 

CARBONIFEROUS AND PERAIIAN COSMOPOLITAN FLORAS, 

The Carboniferous rocks contain very many seams of coal, and in 
the Northern Hemisphere, at least, the Carboniferous -is thought of 
as preeminently the period of coal formation. The enormous quan- 
tity of ATgetable debris necCvSsarv for the formation of even a single 
coal bed has led to the belief that the vegetation of Carboniferous 
times was ranker and more Itteuriant than at any other time in the 
earth’s history, and that it grew in enormous sAvamps under torrid 
cloudA^ climatic conditions. Nothing is farther from the truth. 

The vegetation of the Carboniferous was probalily not more varied 
or luxuriant than at many other times in geological history, and it 
is doubtful if the palustrine forests of Carboniferous or Permian 
times were as dense, and they certainly contained much less of a 
variety than the existing tropical rain-forests or jungles, such as, 
for example, that of the Amazon ba>in. What makes the Car- 
boniferous forests so interesting to the geologist quite aside from 
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the productive coal measures that resulted from their activities, is 
the widespread uniformity of physical conditions prevailing at that 
time, which facilitated the formation of coal. 

Coal is found somewhere in the world in all geological periods 
subsequent to the Devonian, but scarcely anywhere or at any time 
was nature’s balance so delicately adjusted that such a percentage 
of the contemporaneous vegetation escaped oxidation, accumulated 
over long periods, and was preserved. The impression that these 
coal swamps were like modern peat bogs, or that they covered thou- 
sands of square miles along the coasts of Appalachia is not borne 
out by the extent and lateral variation of the coal seams and asso- 
ciated sandstones and shales, and it is becoming increasingly clear 
that while favorable conditions prevailed over wide areas, individual 
seams are usually restricted in extent ; some representing low coastal 
swamps, others valley- swamps, and others lagoonal and lake deposits 
of drifted materials and a rain of spores and forest litter. 

That the humidity was high and the sky cloudy is reasonable, but 
the evidence does not support the various theories that the sun was 
normally hidden or that the atmosphere was dense with carbonic 
acid gas. Xor was the heat torrid. That there was not the latitudi- 
nal or seasonal variation that exists to-day is shown by the cosmo- 
politanism of the floras and the normal absence of growth rings in 
the coniferous woods. It has been suggested that our knowledge of 
Carboniferous floras is confined to those which grew on lowlands 
adjacent to the regions of coal accumulation, and while this is true, 
it should be borne in mind that lowland and upland floras of any 
period differ merely in generic and specific types, and there is no 
i*eason to suppose that unknown orders or nascent phyla inhabited 
tlie Carboniferous uplands. 

We may draw a generalized picture of a Carboniferous or Per- 
mian swamp as densely forested with clumps of slender, graceful 
(^alamites — scouring rushes enlarged to fifty times the size of the 
modern ones — ^gi-owing in and about the margins of the water; mas- 
sive columnar Sigillarias with their pel's istent crown of needle- 
like leaves and their shallow, spreading roots; tall Lepidodendrons 
with their branc‘hed an<l evergreen crowns; lofty cordaites with their 
large pendent, evergreen leaves: large clumps of ISIarattiaceoiis and 
other ferns, slender-stemmed Sphenophyllums clamhering over and 
among the other vegetation, and a variety of seed ferns everywdiere — 
some with long, slender stems like Lyginopteris dependent on the 
jungle for support, while others with massive stems like Mediillosa 
fjuite capable of taking care of themselves in the universal upward, 
light-seeking growth, (See fig. 14.) 

Chronologically, many of the Devonian typos lingered into the 
Lower Carboniferous, during which time Archaeopteris and Psilo- 
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phyton became extinct. The primitive Archaeocalamites were grad- 
ually replaced by the true Calamites. Protolepidodendron and other 
Bothrodendraceae originated the distinct families of Sigillariaceae 
and Lepidodendraceae, and the seed ferns and true ferns showed a 
succession of forms that enables the paleobotanist to determine in just 
what part of the coal measures a particular florule belongs. 

Throughout the Northern Hemisphere, and particularly in the 
Appalachian province as compared with Europe, relative uniformity 
of conditions lasted throughout the whole Carboniferous and into 
the Permian, and while there was a steady march of vegetation and 
a succession of varying forms, the general facies changed but little 
as compared with the contemporaneous history of the Southern 
Hemisphere (see Glossopteris flora). Already in the Carboniferous 
of both Europe and America, Cycadophyte fronds appear in the 
record, foreshadowing the great Mesozoic display of these plants. 
A few Ginkgo-like types were present and Walchia and Voltzia 
among the Coniferophytes give promise of the impending change 
from a sporophytic to a sperinophytic vegetational regime. 

THE GLOSSOPTERIS-GAXGA^rOPlT^RIS FEORA. 

At a horizon believed to be Lower Permian in age and associated 
with well-marked glacial deposits in Australia, Tasmania, India, 
South Africa, and South America, and with less definitive evidence 
of glaciation in several other areas, are found traces of a peculiar 
and regional flora in which the cosmopolitan types of the late Car- 
boniferous and Permian, such as characterize the floras of these 
times in the Northern Hemisphere, are largely absent. This southern 
flora is termed the Glossopteris or the Gangamopteris flora from its 
two most characteristic elements. These were simple fern-like 
fronds, shaped like those of the common hart’s-tongue (Scolopen- 
drium), and were borne on creeping stems or rhizomes, long known 
b}^ the name of Vertebraria. The fronds of both genera are much 
alike, of a similar lanceolate to obovate form and with an anastomos- 
ing venation. They are distinguished from one another by the i^res- 
ence of a thick midrib in Glossopteris, and by the practical absence 
of a midrib in Gangamopteris. In the former genus the sporangia 
are known and were borne upon very much reduced oval fronds. It 
is not certain whether they were true ferns or represent the seed ferns 
so common in the Paleozoic. Fronds of these two genera are shown, 
much reduced, in the accompanying figures (fig. 29). 

xVssociated with these Glossopteris and (hingamopteris fronds 
were the remains of Phyllotheca and Schizoneura, relatives of the 
northern Calamites, fronds of Cycadophytes (Pterophyllum, Glosso- 
zamites) and Neiirophteridium, various fragments of ferns (Clado- 
iflilebis, Pecopteris, Sphenopteris, Taeniopteris), conifers (Voltzia), 
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and the leaves of Xoe^gerathiopsib and PXirypliylluin, prol)ably rela- 
tives of the northern Cordaites. From the combined evidence of the 
organisms, their distribution, and the continental charaLter of the de- 
posits, geologists have restored from the depths of the present seas a 
vast southern continent extending from Australia to India and thence 
to Africa and South America, which is called Gondwaiia Land and 
which existed throughout the Permian and the first half of the Meso- 
zoic. It was very 2)robably connected southward from botli Australia 
and South America with the lanel mass in the south polar I'egion 
known as Antarctica, and a restricted land bridge connected it across 
northwestern x\.frica with southwestern Europe. Elsewhere along its 
northern borders a Mediterranean sea encircled the globe, separating 
Gondwana Land from Angara Land (the ancient continental mass of 



Fig. .j{) —Sketch map showing the geography and glai-iatiun of the i’ermian. 


Asia) and from Eria (North America). It was upon this (Jondwana 
continent or on the Antarctic continent to the southward that the 
(ilossopteris flora had itr^ inception. 

It was the climatic changes resulting from this wides]'>read emer- 
gence and elevation of the land and the conse(|uent alteration of the 
oceanic and atmospheric circulation that furnished the stimulus for 
its evolution, and these climatic changt's culminated in a glaciation 
that probably exceeded in its magnitude that of the more familiar 
and relatively r(‘cent Pleistocene Ice Age. These changes gradually 
banished the more characteristic elements of the C(»smot)olitnn flora 
from this region, although it is known to have constituted the origi- 
nal vegetation of the country, having lieen disco vc'red in Lower Gar- 
boiiife rolls or in Devonian rocks in South America and Australia and 
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ill the Tete babiu in soiitlieubt Africa in rocks as young as tlie Upper 
Carboniferous (Steplianian) . 

The earlier Glossopteris floras immediately overlying the Glacial 
boulder beds, or in some cases, as in the Greta series of New South 
“Wales, intercalated between glacial deposits, are everywhere rela- 
tively simple and unmixed and characterized by the plant types men- 
tioned above. With changing conditions that can only be inter- 
preted as an amelioration of the climate, various members of the 
northern cosmopolitan flora, especially the Lepidophytes, succeeded 
in reestablishing themselves. It is probable that they were never 
entirely extinct in the whole of Gondwana Land, but that they had 
been present throughout the Glacial period in northern Africa and 
northern South xVmerica. 

This recolonization of the South by the cosmopolitan types is 
especially well illustrated in Brazil, where the farther the plant bed 
is above the basal Ijoulder bed, the more cosmopolitan is the facies 
of the contained flora, which in the upper beds shows petrified 
gymnospermous wood lacking annual rings such as were typically 
developed in similar woods in beds immediately overlying the boulder 
beds in Australia. In India, which at that time was geographically 
difficult of access to returning northern types, no Lepidodendrons, 
Sigillarias, or true Calamites have been recognized, although a species 
of Sphenophyllum is recorded, and the genus Noeggerathiopsis may 
really represent the true Cordaites. In South Africa the immigrants 
from the North included Lepidodendron, Sigillaria, Bothrodendron, 
and a doubtful Sphenophyllum, In South America they include 
Lepidodendron. Lepidophlois, Sigillaria, Bothrodendron, and the 
Paleozoic tree fern Psaronius. 

Indicative of the Lower Permian age of the Glossopteris flora, 
as well as of a land connection to the northward, is the presence of 
Glossopteris and Noeggerathiopsis in the Upper Permian (Zech- 
stein) of the Vologda and Petschora districts of northern Russia and 
in the Altai Mountains and elsewhere in Siberia, showing that these 
types spread northward from Gondwana Land into the region still 
occupied by the cosmopolitan flora before the close of the Paleozoic. 
The genus Glossopteris itself, as well as some of its associates, not 
including Gangamopteris, are known to have survived the Permian 
and were present as dwindling relics as late as the Upper Triassic 
(Rhaetian), or even in the Lower Jurassic, Glossopteris having been 
recorded from beds of Jurassic age (Liassic) in southern Mexico. 
Glossopteris has also been discovered in south latitude 85° in the 
Beacon sandstone series, which has been traced for over TOO miles 
across Antarctica, where it is coalbearing and probably of Permian 
age, although part of it may be younger. Other genera of the 
Glossopteris flora such as Sohizoneura and Neuropteridium occur 
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in the Xorthern Triassic, and Phyllotheca, which is not a typical 
member of the true (xlossopteris flora, since it is found in the Car- 
boniferous of Europe and Asia Minor (Heraclea), persisted into the 
Jurassic of Italy. 

Some students interpret these facts of distribution as indicating 
that the Paleozoic cosmopolitan floras became extinct at or shortly 
after the close of that age and that Gondwana Land was the place of 
origin and the center of radiation of the Mesozoic floras, which, as 
regards those of the Northern Hemisphere, were hence of southern 
origin. There is but slight ground for this opinion, which will be 
referred to subsequently in the account of the Triassic flora. The 
only additional statement necessary in concluding this brief sketch 
of the Glossopteris flora is that during the Upper Triassic (Rhaetian) 
and the Jurassic, at which times the paleobotanical record again 
becomes reasonably complete, there is not the slightest trace of a 
northern and a southern floral province such as characterized the 
Permian, but from Greenland and Spitzbergen on the north to Graham 
Land on the south, and including Australia, India, Africa, and South 
America, the whole earth is once again clothed with a cosmopolitan 
flora as it had been in the Carboniferous, but one which, on the whole, 
was very different from the latter. 

THE TRIASSIC FLORA. 

The change in the tensest rial floras in passing from tlie Paleozoic 
to the Mesozoic is not as great as tradition holds; nevertheless, it 
is sufficiently marked. Older paleobotanists thought that the Lepi- 
dodendrons, Sigillarias, Cordaites, Calamites, and the characteristic 
ferns and seed ferns of the coal measures all became extinct by the 
end of Permian time. However, few if any of these types that 
gave the facies to the late Paleozoic floras, did not have some sur- 
viving relatives in the Triassic, and, moreover, many of the Paleo- 
zoic types were obviously on the wane during the Upper Permian, 
while now types, such as Baiera, Ginkgo, and some of the Cyca- 
dophytes (Plagiozamites, Pterophyllum, Sphenozamites), praenun- 
cial of the Mesozoic, had already made their appearance. 

One reason for the sharp contrast between the known Triassic 
floras and those of the later Paleozoic was the long interval, corre- 
sponding to the Bunter and Muschelkalk of European Triassic 
chronologv^, during Avhich the character of the deposits was pre- 
vailingly inimical for the preservation of vegetation (coarse aeolian 
or current bedded sands and saliferous salt pan sediments). It 
was not until the Upper Triassic (Newark formation of eastern 
North America, Lettenkohle and Rhaetian of Europe and the other 
continents) that fossil plants became abundant, and by that time 
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evolution had accomplished much, iloreover, there were special 
stimuli to change in the wide extent of continental areas, the forma- 
tion of mountain ranges, the diversification of climates, and the 
competition of new plant associations that had resulted from the 
Permian glaciation. Furtliermore, many geologists consider the 
prevailingly red deposits of the Triassic indicative of extremely 
arid if not real desert conditions. AYithout subscribing to this ex- 
treme view, it is probable from the geography of that time alone 
that the climates were less humid or uniform than they had been 
previous to the Permian glacia- 
tion; at least such was the case 
during the earlier Triassic. 

Marine Triassic deposits of 
the Mediterranean regions at- 
test to the abundance of cal- 
careous algae (Diplopora, Gy- 
roporella) at that time. On 
the lanel, mosses and hepatics 
were unknown and the floras 
consist overwhelmingly of ferns, 

Cycadophtes and Conifers. 

Among the ferns most of the 
Paleozoic types are missing or 
much reduced. The whole class 
Coenopteridae or Primofilices 
was absent. The class Ilydrop- 
teridae, never abundant in the 
geological record, was sparingly 
represented in the late Triassic 
by Sagenopteris. The Euspo- 
rangiate ferns, so common in 
the Carboniferous and Permian, 
where they were represented by 
Psaronius, Pecopteris, etc., Avere 
the most prominent fern element during the Triassic, with seven or 
eight genera and a large number of species, especially in the Keuper 
and Ehaetian (Danaeopsis, Taeniopteris, Macrotaeniopteris, Maratti- 
opsis, Angiopteridium, Pseudodanaeopsis, Asterotheca, Oligocarpia). 
Macrotaeniopteris with its large strict simple fronds was especially 
common in the rocks of the Newark formation in the eastern United 
States. The Leptosporangiate ferns, Avhich com])ri^?e the bulk of the 
living ferns, were represented in the Triassic by the more ancient 
families, Gleicheniaceae, Osmundaceae, Dipteriaceae, and Matonia- 
ceae, Avhile Cheiropteris of the late Triassic is thought to represent 
the Ophioglossales. 



Fig. 31 — Re^oration of Afarrotaeniopteris (after 
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Perhaps the most interesting Triassic fern family, and next to the 
Marattiaceae in importance at that time, was the Dipteriaceae. 
Surviving in only four species with a limited range from India to 
New Caledonia, they were represented during Triassic times by the 
genera Protorhipis, Clathropteris, Dictyoj^hyllum, Thaumatopteris, 
Camptopteris (fig. 32), characterized by their dichotomous fronds, 



indetenninate growth, and netted-veined pinnae suggestive of a leaf 
of a chestnut oak. These ferns were practically cosmopolitan dur- 
ing the late Triassic, especially in the two closely allied genera 
Clathropteris (fig. 31) and Dictyophyllinn (fig. 33). Protorhipis 
did not attain its maximum range until later in the Mesozoic, while 
Thaumatopteris and Camptopteris were always more restricted in 
their range. 
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A fern-like genus, Thinnfeldia, of undetermined botanical affinity 
that appeared in the Rhaetian or uppermost Triassic in Australia, 
South Africa, South America, and Europe, is more especially char- 
acteristic of the cosmopolitan Jurassic floras. 

The Arthrophyta of the Triassic were less varied than earlier. 
The order Sphenophyllales as well as the majority of the calamites 
hud become extinct, but representatives of the latter continued to 
exist throughout the Triassic, where they were represented by Schi- 
zoneura and Phyllotheca which survived from the Permian and by 
Xeocalamites (fig. 35) which occurs in the Upper Triassic of 
Virginia, Mexico, Europe, Asia, South Africa, and Australia. In 



Fig. — Ket-toration of ]>i( tyophyllum (after Nathorst), X 1/2. 


addition to these, the remains of large species of Equisetum are com- 
mon as stem casts in the continental deposits of the Triassic. 

The Lepidophytes were represented during the Triassic by oc- 
casional fragments of Lycopodites (Xaiadita) like foliage, and in 
the Lower Triassic by a few specimens of Sigillaria and a related 
genus known as Pleuromeia, which testify that this characteristic 
Permian type still lingered, although much reduced in importance. 
Xo lepidodendrons are known from the Triassic unless represented by 
the cone genus Lycostrobus from the Upper Triassic of Sweden. 
The Pteridosperms or seed ferns, so important and characteristic 
an element in Paleozoic floras had largely vanished. Triassic sur- 
vivals probably existed although none are certainly known. Glos- 
sopteris, which gives its name to the Permian flora of Gondwana 
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Land, is found in the Triassic at a number of scattered localities 
and is thought to have been a pteridosperm. 

The Cvcadophytes, first recognizable in the Carboniferous, fur- 
nished one of the most prominent Triassic types of vegetation, rep- 
resented chiefly by a great variety of frond impressions. Some of 



the genera present at that time were Ptero])hyllu!n, Ctenis, Ano- 
inozamites, rtilf)zamites. Otozainites, Sphenozamites, and Xilssonia. 
*lhe majority belonged to the ^ lender branch ing-'-te mined William- 
sonia order, rather than to the Mnuit forms like those of the Creta- 
ceous Cycadeoideas, or the modern cycads. 
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The Triassic Coiuferophytes represented all of the orders. The 
primiti\ c Curdaitales of the Paleozoic were represented in the genus 
Yuccites, and hy the surviving Gondwana Land genus Yoeggerathiop- 
sis. The Ginkgoales had two cosmopolitan types in the Triassic-Baiera 
and Ginkgo, both of which first aj^peared in the Permian or earlier, 
and both continued in abundance throughout the major portion of 
the INIesozoic. The Araii- 


carian line was not as abun- 
dant as it became in the 
later Mesozoic, but appears 
to have been represented by 
Alberti a of the European 
Lower Triassic, by Pagio- 
phylliuu which was com- 
mon in North America and 
Europe ; and by Araucarites 
and various petrified woods 
referred to the genus Araii- 
carioxylon. 

The Coniferalian gi'oiip, 
often represented by am- 
biguous foliar shoots, com- 
prises four families: Abi- 
etineaceae, Taxaceae, Taxo- 
diaceae and Cupressaceae. 
The first appears to be of 
Post-Triassic origin ; the 
second was represented in 
the Triassic by the cliarac- 
teristic genus Palissya with 
dimorphic foliage and lax 
cones, and by the Tapper 
Triassic genera, Stachy- 
taxiis and Palaeotaxus; the 
Taxodiaceae were repre- 
sented by the genus Voltzia, 
a survivor from the Per- 
mian, and probably by the 
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genera Cheirolepis and Sphenolepis. Widdringtonites appear to 


have represented the Cupressaceae during the Triassic. 

There are no known traces of Trias>ic flowering plants, despite the 
misleading names of some of the plants of that time, or the mistaken 


notions of the older paleobotanists that forms named Yuccites. Con- 


vallarites. etc., were monocotyledons. All of these vsupjiosed mono- 
cotyledons have been shown to be Cordaitean, as in the case of Yuc- 
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cites, or Lepido2:)hYtic as in Xaiadita, or Artlirophytic as in Con- 
vallarites. 

Considering the march of vegetation during the Triassic as a, 
Avhole it may be noted that succeeding the sparsely represented floras 
of the earlier Triassic, there appeared throughout the world during 
the Upper Triassic extensive floras which, w^hile containing surviving 
stragglers from the Paleozoic, decidedly foreshadowed the cosmo- 
politan floras of the succeeding Jurassic time. Regarding the place 
of origin of these Triassic floras, it may be said that they contain a 
mixture of survivors from the northern cosmopolitan and the Gond- 
wana Land Permian floras. The undue emphasis that has often 
been placed upon Glossopteris and the habit of speaking of Schi- 
zoneiira and Phyllotheca as members of the Glossopteris flora has 
led some students to consider that the Triassic flora was evolved in 
Gondwana Land. A careful analysis of the Triassic floras, howr- 
ever, for which space is lacking in the present article, clearly show^s 
that this w^as not the case, but that the more prominent elements in 
the Triassic floras had northern ancestors, as, for example, Yoltzia, 
Pterophvllum, Baiera, Ginkgo. Sphenozamites, Phyllotheca, Neoca- 
lamites, etc., and originated in the northern land masses. 

THE JUKASSIC FLORAS. 

The Jurassic was a time of warm climates, shallow- seas on the 
margin of the continents, and ]ow--lying lands. Its deposits are not 
sharply separated from the underlying Triassic or the overlying 
Lower Cretaceous, consequently, the contrast in the succession of 
floras are, in the main, the evolution of new specific types rather than 
of greater groups. Paleontologically the Jurassic is characterized 
primarily by the sw’arming marine faunas of its shalloAv seas. Fol- 
low ing the almost world-wide occurrence of the rich palustrine Rha- 
etic floras of late Triassic age, the record consists of a succession of 
sandy, claye\-, and calcareous rocks of marine origin, relatively poor 
in their representation of the contemporaneous terrestrial vegetation, 
although mofet of the Jurassic stages are fairly well represented by 
fossil plants in some part of the w-orld. 

Calcareous algae of both marine and fresh waters (charophytes) 
are not uncommon, but not especially noteworthy. Several moilern 
appearing Hepatics have been recorded. Ferns, Cycadophytes and 
Conifera comprise the bulk of the vegetation. Many of these are 
generic types which ranged from the Triassic to the Low-er Creta- 
ceous. The magnificent lyre ferns (Dipteriaceae) of the Triassic sur- 
vived in some of their manifestations in Jurassic times, as did some 
of the Tr iassic ila rattiaceae. The former were not, however, so 
characteristic of Jurassic times as w-ere the representatives (Laccop- 
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teris, Matoiiiduin) of the family Matoiiiaceae, a family with but two 
existing Malayan species of Matonia. 

There were several wide-ranging Jurassic species of Laccopteris 
and Matonidium, characterized by pedate fronds somewhat similar 
to those of the Dipteriaceae, but less variable or striking. The 
Gleicheniaceae were sparingly represented by species of Gleichenia : 
the Osmiindaceae by Osmimdites; the Schizaeaceae by Klukia; the 
Cyatheaceae by Dicksonites and Coniopteris; the Polypodiaceae by 
Cladophlebis, Onychiopsis, and Dryopterites ; and the Hydropterales 
by various species of Sagenopteris. Probably the most characteristic 
Jurassic fern genera were Coniopteris, Laccopteris, and Thinnfeldia. 

Xo Pteridospermophytes are known as late as the Jurassic, and it 
seems a reasonable assumption that this phylum had become extinct, 
although Glossopteris, a possible seed fern, is recorded from the Lias 
or basal Jurassic of southern Mexico. The Arthrophyte and Lepido- 
ph\1:e phyla, so prominent in the Paleozoic, had, by Jurassic times, 
come to be represented mainly by modem-looking species of Equisc- 
turn (Equisetites), Ly(*opodites, and Selaginellites. 

Perhaps the most prominent element in Jurassic floras was the 
variety of ubiquitous genefi'a of cycad-like fronds and fructifications. 
These are found from the Arctic to the Antarctic and on all of the 
continents at that time, and embrace a large number of form genera. 
The bulk of these belong to the order Williamsoniales, although 
Cycas-like fructifications are loiown (Cycadospadix). There is little 
evidence of the presence of the Cycadeoidales during the Jurassic, 
although their widespread occurrence in Lower Cretaceous times 
indicates that they were already in existence, as does the close ap- 
proximation to their fructifications of those of Williamsonia. These 
have already been described in the paragraphs devoted to the Cyca- 
dophyta. Frond genera characteristi(* of Jurassic rocks, and often 
beautifully preserved as impres>ions, are Podozamites, IHilozamites, 
Pseudoctenis, Ctenophyllum, Ctenis, Taenio})teris, Xilssonia, Anomo- 
zamites, Dictyozamites, Glossozamites, Otozamites, Pterophyllum, 
Ptilophyllum, and Zainites. 

The remainder of the known Jurassic flora consisted of representa- 
tives of the Coniferophytes — the most advanced phylum, the Angio- 
spermophyta, not being certainly known earlier than the Lower 
Cretaceous. Among the Coniferophytes, species of Ginkgo and of 
the allied genus Baiera were perhaps the most abundant and wide- 
spread. Jurassic Gnetales are not certainly known and the mainly 
Paleozoic Cordaitalean order appears to have already bec’onie extinct. 
The Araucariales were prominent tliroughout the Jurassic, in the 
deposits of wliich age, petrified wood, twigs, and single-seeded cone 
scales, essentially like those of th(> existing gtmus Araucaria, are 
found in abundance at widely scattered localities. 
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The Taxales are less clearly recognizable in collections of Jurassic 
plants, although their variety and abundance in the preceding late 
Triassic and in the succeeding Lower Cretaceous, gives certainty to 
the assumption of their presence thi'ough the intervening Jurassic. 
The order Coniferales, which includes the majority of the existing 
Coniferophytes, is well represented during the Jurassic, especially 
by members of the family Cupressaceae, to which Brachyphyllum 
(Echinostrobus) , Widdringtonites, Palaeocyparis, Cyparisidium, 
and other genera, are referred. 

The family Taxodiaceae is doubtfully represented by Leptostrobus, 
and Sequoia appears in the record before the close of the Jurassic. 
The relatively modern family Abietinaceae is of little importance 
until later times, and its presence during the Jurassic rests upon 
somewhat inconclusive I'emains of Abietites (Pinites), Holochloris. 
etc. Bather common Jurassic Coniferophytes of unknown botanical 
affinities are Fieldenia and Phoenocopsis, thought to be related to the 
Ginkoales. 

A picture of the flora at any time during the Jurassic would show 
nothing like the lofty forests of the Paleozoic or of Teidiary and 
modern times. The Jurassic floras, whether of swamp or upland, 
as known, consisted primarily of ferns, cycads, and conifers. The 
ferns were all forms of moderate size. None of the cycad-like forms, 
so characteristic of this age of earth history, were lofty; probably 
none were as tall as an old existing individual of Cycas, and the 
Jurassic cycads are more comparable in appearance to what is com- 
monly denoted by the term scrub.” Eising above the general low 
level of this scrub were the various Coniferophytes, which may have 
predominated in more or less pure stands at certain localities^ and 
among which the Jurassic representatives of the maidenhair tree 
(Ginkgo) stand out prominently. 

THK T.O\N VAl ( RTOTACEOUS FT.ORAS. 

Lower Ci'etaceous plants are known from all of the continents 
exce[)t Antarctica, and they are particular!}" abundant in Xorth 
America and Piurope. The two most extensive floras are those 
of the Potomac gi‘oup of Maryland and Virginia, and those of 
similar age from the opposite side of the Atlantic in southern Portu- 
gal. These afford valuable comparisons for shedding light on the 
place of origin and the migrations of the various types. A third 
large Lower Cretaceous flora is ftiat of the so-called Wealden of 
England, Belgium and Germany. Other floras of this age are 
found in South Africa and eastem Asia, as well as in Spitzbergen, 
Australia. New Zealand, and Greenland. 

While tlie known Lower Cretaceous floras necessarily represent 
but a small percentage of the species which clothed the earth dur- 
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ing that time, they furnish some data bearing on the march of 
vegetation during which flowering plants first appeared in the 
record and during which the transformation from a Jurassic to an 
Upper Cretaceous and essentially Cenozoic type occurred. This 
flora shows evidence in the varAung proportions which the main 
types such as the ferns, Cycadophytes, and Conifers bear to one 
another, that there are represented plants that grew under local 
differences of soil, altitude, humidity, and precipitation conditions. 
It is apparent that the dominant types of the late Jurassic con- 
tinued without marked change throughout the earlier Cretaceous. 
These were the ferns, Cycadophytes, and Conifers. Little is known 
of the Thallophyta, Bryophyta, Arthrophyta, or Lepidophyta. 

The Arthroph^da, represented in the Lower Cretaceous by species 
of Equisetum had evidently dwindled to proportions strictly com- 
parable to their present-day deployment. One or two Selaginellites 
represent the Lepidophytes and several Marchantites represent the 
Bryophyta. The more characteristic fern families of the older 
Mesozoic, such as the Marat tiaceae, were greatly reduced in im- 
portance, and the families Schizaeaceae, Gleicheniaceae, Matoniaceae 
Osmundaceae and Dipteriaceae, which were prominent early in the 
Lower Cretaceous, were overshadowed by the Polypodiaceae before 
the close of the Cretaceous, the latter represented by various species 
of Cladophlebis ^ and Onychiopsis. Pteridosperms were unknown 
and it is reasonable to suppose that this phylum was no longer repre- 
sented in the flora of the world. 

Several interesting petrified Osmundaceae are known at this time, 
and the Gleicheniaceae were especially abundant in the far North 
along with other ferns indicative of great humidity. A peculiar 
tree fern represented by petrified fragments of large trunks and 
referred to the genus Tempskya was very widely distributed in 
North America and Europe at tliis time. A typical member of the 
Schizaeaceae was the genus Schizaeopsis found in the Potomac de- 
posits of Virginia, with fertile froinls very similar to some of the 
modern tropical species of Schizaea (fig. 30). A survivor from the 
older Mesozoic was the Hydropteralean genus Sagenopteris, a hand- 
some American species of which is shown in figure 37. 

The Cycadophytes of the early Cretaceous were essentially the fa- 
miliar, even if too little known types of the later Jurassic. They 
were abundant in genera species and individuals, and were quite as 
dominant an element of the Lower Cretaceous floras as they had been 
in the late Trlassic and throughout the Jurassic. Before the close 
of the Lower Cretaceous, however, they became largely extinct. 
Some of the genera represented in the Lower Cretaceous were Dio- 

^ Some «!pe<*ie'< of Cladopblehis appear to belong to the Osmundaceae. Those from the 
I’otomac appear to rej>resont tin* INdypoiliaceae. 
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nites, Stenopteris, Ctenopsis, Zamiopsis, Nilrtsonia, Dichotozamites. 
Podozamites, Glossozamites, Anomozamites, Cycadite^, Otozamites, 
Zamites, and Pterophyllum. 

In addition the squat forms so common in a petrified condition at 
this time and represented by the genera Cycadeoidea and Cycadella, 
(the former of which has furnished so much information regardingthe 
structure and morphology of the fructifications) are to be mentioned 
as important elements in the flora as w^ell as the detached bract-en- 
circled fructifications of the slender stemmed or Williamsonia forms. 
The Ginkgoales were represented by several species of Ginkgo and by 
numerous occurrences of Baiera, although neither genus is as common 
as it was earlier. The Taxaceae seems to have been more prominent 

than later, with species of 
Xageiopsis and Cephalo- 
taxopsis, both of which 
were individually abun- 
dant. The Araucarian 
conifers are well repre- 
sented, but in no great va- 
riety. The Abietinaceae 
showed numerous forms of 
Abietites and before the end 
of the Low’er Cretaceous, 
undoubted species of Pinus 
are known, and Cedriis has 
also been recorded. 

Sequoia, Sphenolepis, and 
Arthrotaxopsis represented 
the Taxodiaceae, while Fre- 
iielop^is and Widdrington- 
ites, which were w idespread, 

riu..io.— nescoraiion 01 a lertiie irona of ritiiuueupsi', fioiii . x i 

the Lower C'retaeeoiis (after Len s i. x 4/L ICpieSenteCl the C. Upl’eS- 

saceae. Brachyphyllum and 
Czekanowskia continued to survive. Little can be said about the 
Lower Cretaceous flowering ijlants. Certain genera from the oldest 
Potomac (Rogersia, Ficophyllum, Proteaephyllum) have been de- 
scribed as angiosperms, but they more likely represent Gnetalian forms 
comparable with the modern Gnetum. The are poorly preserved im- 
pressions and might even represent fragments of the fronds of Dip- 
teriaceous ferns— a conclusion amply proved for one of Saporta’s 
proangiosperms ( Proto rhipis). This author has described a num- 
ber of indefinite plant fragments from Portugal as Poacites. Rhizo- 
•'aulon, etc., some of which he calls proangiosi)erms, while similar 
fiagments are called monocotyledons. They are all entirely incon- 
clusive. Nothing reuKJtely suggestive of flowering plants is known 
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from the Wealden floras of England, Belgium or Germany; the 
similar floras from Japan, the Kootenai flora of Montana and Brit- 
ish Columbia, or even from the Barremian flora of Eussia, France, 
and England. The so-called Urgonian flora of Greenland contains 
two or three dicotyledonous leaves, but there is some uncertainty re- 
garding their exact age and they may Ije somewhat younger. Sim- 



Fig. 37.— Restoration of Sagenoptcrisclliptica Funtaino. frtjin Ihc I.ower Cretan eons of Virginia ('afitr Berry). 

ilar indefinite dicotyledonous remains have recently been recorded 
from Australia and Xew Zealand. 

There is, however, satisfactory evidence of flowering plants in 
strata referred to the Aptian stage, based not only upon foliage but 
upon petrified wood, with structure pre>erved. Toward the close of 
the Lower Cretaceous in its upj)ermost stage (Albian), angiosperms 
become a considerable element in the flora, constituting 30 per 
cent of the uppermo.st Potomac (Patapsco) flora, IT per cent of 
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the Fiison flora of the Black Hills, and over 35 per cent of the 
Albian flora of Portugal. It would be interesting to pursue the 
subject in more detail, to discuss the place and manner of origin 
of this latest and most highly organized plant phylum, as well as 
its early paths of migration, but the subject is highly speculative 
and may well await an increase of knowledge. 

The same statement is in a measure true of attempts to describe 
Lower Cretaceous climatic conditions. The floras are so different 
from those of the present that any quantitative estimates are out 
of the question. These floras do, however, show such slight changes, 
which may be legitimately related to temperature conditions as they 
are traced from place to place, that a marked uniformity of temper- 
ature over many degrees of latitude must be admitted. From Peru, 
within 15 ° of the Equator to western Greenland in latitude 70 
or Spitzbergen in latitude 78 the fossil plants indicate uniformity 
of temperature. It seems obvious from a consideration of the large 
fronded ferns and Cycadophytes that they could not have with- 
stood a winter such as characterizes the cooler parts of the Temper- 
ate Zone at present, nor are deciduous forms known except Laricop- 
sis and possibly Za mites. 

THE UPPER CRETACEOUS FLORAS. 

The Tapper Cretaceous was a time of surpassing interest for 
students of floral historv. Most of the survivors from the older 
Mesozoic that characterized even the later Lower Cretaceous were 
entire!}^ absent or very much reduced in relative importance, while 
dicotyledonous leaves and palms appeared at that time in large 
numbers and great variety. The ancestry of a majority of our 
pi*esent forest trees can he traced back to the Upper Cretaceous, 
at which time their distribution and associates were very different. 
T^p])er Cretaceous plants are much alike wherever found and they 
are known from all of the continental land masses. Veiy man^^ dif- 
ferent species have been described, especially from Xorth America, 
where they have been studied much more thoroughly than else- 
where. 

Some of the largest and most interesting of the Upper Cretaceous 
floras are those of the Dakota sandstone — a littoral sand recording 
the transgression of a Cretaceous sea northward across the western 
interior of Xorth America from Texas to the Arctic Ocean. The 
Dakota flora, described chiefly from Kansas and Xebraska, com- 
pri'^ed several hundred species. It includes but a few Conifers — 
mainly forru^ of Se(juoia: large numbers of ancestral hardwoods 
such as the earliest known birches (Betulite^), many persimmons 
( DiovpyrosL beeches (Fagus), numerous figs (Ficus), Magnolias, 
Holl\ (Ilex), walnut (Juglans), tulip tree (Liriodendron), rnssa- 
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fras, bayberry (Myrica), sycamore (Platanus), cottonwood (Popu- 
Ills), oak (Quercus), buckthorn (Ehamnus), willow (Salix), soap- 
berry (Sapindus), sheepberry (Viburnum), etc. Associated with 
these familiar modern types were exotic elements, such as Aralia, 
camphor trees (Cinnamomum), Cissites, Paliurus; ancestral mem- 
bers of the orange family (Citrophyllum) ; extinct genera, such as 
Dewalquea, Aspidiophyllum, and Protophyllum ; tropical forms, 
such as Oreodaphne, Zizyphus, Pterospermites, Sapotacites, and 
Sterculia. A few doubtful leaflets represented the erstwhile abun- 
dant Cycadophytes of the older Mesozoic. 

Another exceptionally interesting flora of about the same age as 
that of the Dakota sandstone is that found in western Greenland. 
Overlying the Lower Cretaceous Kome beds of Disko Island and the 
Nugsuak Peninsula in latitude 69° to 72° north are several thousand 
feet of Upper Cretaceous and Tertiary deposits carrying fossil 
plants. Few regions within the Arctic Circle have been studied as 
thoroughly as this one. The fossil plants were first discovered about 
100 years ago and excited the liveliest interest in European scien- 
tific circles, since the geologists of that time could not realize hoAv 
different the climate is at the present time from what it was in 
Cretaceous and Tertiary times. The Upper Cretaceous plants of 
Greenland occur in an older (Atane) and a younger (Patoot) series. 
The former contains over 175 different plants, of which many are 
identical with forms found in central Europe (Bohemia, Moravia, 
Saxony) and in North America and Asia (Sachalin). Ferns were 
numerous, including many fine species of the genus Gleichenia. 
Associated with poplars, walnuts, magnolias, pines, oaks, ginkgos, 
and similar temperate types were bread fruit (Artocarpus), figs,.’ 
cinnamons, and other tropical types. Many of these ranged south- 
wai'd along the Atlantic coast to Alabama and Texas, showing how 
uniform was the Upper Cretaceous climate. Very many plants of 
tliis age have been descri])ed from New Jersey, Maryland, the Caro- 
linas, Alabama, and Texas. Araucarias and Daiiimaras, both con- 
fined to the Southern Hoinispliere in existing floras, are common. 
The last Baieras, Brachyphyllums, Williamsonias, Geinitzias, 
Freiielopsis, and Czekanowskia occur at this time. Palms were 
abundant as far north as northern New Jersey, and there were many 
tropical, mixed with temperate, types. 

There is not space to describe these ancient floras in detail nor to 
discuss the many interesting problems of distribution that they lielp 
to explain. Paleobotanists are agreed that the flowering plants 
(Angiospermophyta) must have had a long ancestry previous to 
their first-known occurrence in the rocks, because of the apparent 
suddenness of their appearance in great vai‘iety and with compara- 
tively modern characters. There were many large land surfaces in 
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the earlier Mesozoic, about whose floras nothing is known, and these 
may have witnessed the evolution of the angiosperins. They cer- 
tainly originated in one of the land masses of the Northern Hemis- 
phere, and the evidence points to the vast expanse of Asia or the 
Arctic region as the theater of their earlier evolution. Certainly 
during the Upper Cretaceous there was a continuous spreading 
soutlnvard in Europe, North America, and Asia along land routes 
that are known from independent lines of evidence to have been in 
existence at that time, and almost everywhere the same forms occur, 
alike in Bohemia, Alabama, or Sachalin Island. They penetrated 
far into South America during the Upper Cretaceous (Argentina), 



I ir.. r^s. { .leifhenia puW hella Knowlrtin, the T'pper Crotar ernis of Wyoming: (after FnowitcTi). 


iind pveii reiiched Antarcticii (Gralmiii Land). These Upper Cre- 
taceous floras invariably show a mingling of temperate and tropical 
types indicative of a humid warm temperate climate, and they always 
contain forms like Uammara, Araucaria, Widdringtonites. Pro- 
teaceae. Myrtaceae, etc., that are to-day largely confined to anti- 
podean regions. Throughout the Upper Cretaceous, new types con- 
tinued to appear, while the stragglers from older floras gradually 
were dying out, so that by the dawn of the Tertiary most of the 
archaic forms had become extinct.’ 


' P'’’’ Crotaceous floras of thn worifl with lists ..f spocies .and a 

Ushfd in tan' \I '’ 5 ' Berry in the volumes on the I'ppor Cretaeeous pub- 

imueu ,n 101,, ,,J- ,h,. Maryland Geological Survey. 
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THE TERTIARY FLORAS. 

The classic chronologic subdivisions of the Tertiary are, from oldest 
to youngest: Eocene, Oligocene, Miocene, and Pliocene. These were 
based in the first instance largely on the percentage of living species 
of Mollusca in the rocks of the Paris basin, but subsequently received 
a lithologic and diastrophic basis. In some respects the Tertiary 
floras are more interesting than those that preceded them, since clim- 
ates were genial, land surfaces ample, and the vegetation was exceed- 
ingly luxuriant and varied. Moreover, the key to the imderstanding 
of present-day geographical distribution is largely dependent on an 
understanding of these Tertiary floras. 

Tertiary plant remains are exceedingly abundant and include those 
found in travertine, such as the rich Paleocene floras of Sezanne in 
France, those entombed in amber, especially the wonderfully pre- 
served flowers in the lower Oligocene Baltic Amber. Buried swamp 
deposits preserved as lignite coals and the associated clays and shales 
are rich in plants, and such deposits are common throughout the 
world and have been particularly exploited in Europe and the west- 
ern United States. Flood plain deposits with riverside plant types 
abound at certain horizons, and old lake beds yield a plentiful harvest. 
Two of the most celebrated lake deposits are those of the Miocene Lake 
of Oeningen on the Swiss border of Baden, made classic by Heer’s 
researches, and the small Miocene lake of Florissant in the heart of 
the Colorado Rockies, where successive showers of volcanic ash en- 
tombed an extensive flora in the resulting fine-grained shales. Ter- 
tiary plants are also abundant in the far north in Alaska, Ellesmere 
Land, Greenland, Spitzbergen, and elsewhere, and they have also been 
found on Seymour Island on the margin of the Antarctic continent. 
Materials for the complete elucidation of Tertiary floral history are 
being rapidly accumulated, but only a few of the more striking inci- 
dents in this history can be mentioned in the compass of the present 
brief review. 

An interval of emergence and land extension nearly everywhere 
intervened between the Upper Cretaceous and Tertiary sedimentation, 
in consequence of which and the time interval represented we find 
that the earliest Tertiary floras show marked contrast to the Cre- 
taceous floras that had preceded them. In middle latitudes like 
that of the United States we find an extensive forest of hardwood 
trees, covering not only the east, but also the great prairie region of the 
West, since at that time there were no mountain ranges to shut off 
the moisture-laden winds from the Pacific, Abundance of moisture 
and luxuriance of vegetation are indicated by the abundant and ex- 
tensive coal beds of early Tertiary age found in so many of the trans- 
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Mississippi States, as well as in the Southern States bordering the 
Gulf of Mexico, 

This early Tertiary flora consisted of familiar hardwoods, such as 
willow, gum, cottonwood, sycamore, oak, walnut, hickory, etc., asso- 
ciated with figs and palms, and numerous exotic types, such as cam- 
phor, breadfruit, sterculia, bauhinia, etc., that have since become 
extinct on this continent but still survive in other regions. Secpioia 
.still flourished as far east as Dakota and along the Mississippi Gidf, 
and its ferruginized cones are abundant at some Eocene horizons, w hile 
the clays contain profuse impressions of its foliage. At this time 
(Eocene) the Gulf of Mexico extended northward beyond the mouth 
of the Ohio and its shores were clothed with a wonderfully varied 
flora containing numerous migrants from the Tropics, such as bread- 
fruit, custard apple, soapberry, rain tree, alligator pear, mangrove, 
fiddlewood, devilwood, j)ersimmon, dilly, iron wood, mastic, button- 
wood, stopper, buckthorn, wild lime, redbud, cocoa plum, sea grape, 
and many acacias and mimosas. Among these were forms like the 
Xipa Palm, distributed by ocean currents, and now confined to the 
littoral of southeastern Asia. 

Engelhardtia is a tropical genus of trees belonging to the walnut 
family, but, unlike the walnuts and hickories, the seed part of the 
fruit has remained small, thus facilitating the production of a large 
number of seeds. The bracts, which are inconspicuous in the walnut, 
have become enormously enlarged in the Engelhardtias, so that each 
seed has three large wings to aid its dispersal. In our lower Eocene 
the oldest known representative of these trees shows the initial type 
of the winged fruits, so much more primitive than Engelhardtia that 
it is referred to a new^ genus named Paraengelhardtia. Associated 
with Paraengelhardtia are true Engelhardtias, also the oldest 
known, and both new to the Western Hemisphere. The modern forms 
number about a dozen, and' all but one of these are confined to the 
Orient, where they range from the northwestern Himalayas through 
farther India and Burma to Java and the Philippines. One form, 
probably a descendant and relic of this abundant Eoc*ene display 
in the Mississippi embayment region, is still found in the mountains 
of Costa Eica, and a considerable number are found in the upper 
Eocene and later Tertiary of central and southern Europe. 

The winged fruits of Engelliardtia and its ancestor, Paraengel- 
hardtia are shown in figiire 30 (plate 0). ^ 

Among the leguminous trees, already mentioned as being verv 
abundant, are numerous species of the coral bean, Sophora, evrdentlv 
strand t\pes. and one of these, wliicli was exceedinglv^ abundant in 
we.t Tonno.ssoe. is scarcrly tc, l,e distin-ni.lu-d from the existing cos- 
mopolitan strand plant of the Tropics, Sophora tomentosa. 




Fig. 39.— Winged Fruits of Paraengelhardtia and Engelhardtia from 
THE Eocene of the Mississippi Embayment (after Berry). Slightly 
Reduced, 
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Another genus belonging to this alliance, Dalbergia, to which the 
rosewood of commerce belongs, is represented by four species. The 
leaves of two of these combined with the characteristic one-seeded 
pods as they occur in the clays of westeni Tennessee are shown 
in the restoration, 
figure 40. 

One other genus 
of legume deserves 
special mention, 
since it has an 
abundance of fossil 
leaves and pods. 

This is the ^enUS — Rostorati* n < f lower roten(‘ T)ulbergias from Tennessee (after 

^ . 1 11 Berrv) miuh rodnt ed. 

Cassia, to which the 

senna, as well as our coiiimou herbaceous sensitive plants belong. 
The modern cassias range from herbs to trees and are very abundant 
and varied, between three and four hundred species having been 
described from the warmer temperate and tropical climes of all the 
continents. It is especially common in tropical America and had a 




IT 41.— Restoration of a Cassia abundant in the lower Eocene of Missis- 
sippi and Tennessee (after BerrjO. X 1/2. 


long geologiea 1 
history extending 
back to the Upper 
Cretaceous. Over 
a dozen specie'^ 
have been brought 
to light in the Ter- 
tiary bordering the 
Gulf of Mexico, 
and a restoration 
of one of these 
from the lower 
Eocene, in which 
both the pods and 
leaflets Avere pre- 
served, is shown in 
figure 41. 

The genus Pali- 
iirus of the family 
K h a m n a c e a e 
(Buckthorn) is of 


especial interest, not only because it is represented by the very char- 
acteristic fruits as well as by the leaves, but because it has such an 


extended geologic history and was formerly cosmopolitan. In the 
later Tertiary it dwindled, and in the existing flora it has only two 
species which are found from southern Europe through southern 
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Asia to China and Japan. Fossil forms are found as early as the 
Upper Cretaceous, at which time at least a dozen species, all North 
American, have been described, seemingly indicating an American 
origin for the genus. The leaves are not common in the lower Eocene 
but the characteristic peltate fruits are not rare, and the two com- 
bined have furnished the data for the restoration shown in figure 42. 

Comparable floras are found in Europe in the Paris basin, along 
the south coast of England, and elsewhere. 

With the passing of events the climate gradually became warmer, 
as attested not only by the terrestrial floras on both sides of the At- 
lantic, but by the 
contemporaneous ma- 
rine faunas, until, 
during the upper 
Eocene and lower 
Oligocene, the cli- 
mate of our Gulf 
tier of States and 
southern Europe be- 
came strictly tropical 
and was overrun by 
an appropriate 
tropical vegetation, 
while the temperate 
forest pushed into 
the polar regions un- 
til most, if not all of 
the lands within the 
Arctic Circle and 
part at least of the 
Antarctic continent, 
were forested by cool 
temperate types. 

riG. ue^l()rau^n ni i*aiiuri?s fiaM*,! fruits and leaves from 

the lower KcK pne of Missu-'^ippi and Tennessee (after Berry), X 1/2. 4 06 mOSt extcnSU 6 

of these polar floras 

is that recorded from western Greenland (latitude 73°), which in- 
i*lu(led nearly 300 difl'erent species. Eighteen of these are ferns; 28 
are conifers, including the Ginkgo, incense cedar, cypress, and nu- 
merous sequoias and pines: 21 are monocotys, including two palms; 
and a vast abundance of diocotyledonous leaves of willow, poplar, 
alder, hazel, lieech, oak, elm, sycamore, walnut, ash, service berry, 
"Uinach, dogwood, gum, grafio, magnolia, maple, holly, buckthorn, 
haw thorn, etc. 

Tni<‘e'- of this flora are found in Grinnell Land, Spitzbergen, Ice- 
land, Siberia, and elsewhere to within 8 or 10° of the North Pole, in 
a region that has since become a desert of snow and ice. In the 
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Southern United Statens at that time, one of the prominent features 
of tlie vegetation was the abundance of pidms, represented by the im- 
pressions of leaves and much petrified wood. Among the palms are 
Thrinax, Bactrites, Palmetto ; and a well-marked date palm is rep- 
resented by characteristic seeds. Xutmegs are also represented by 
fruits, as are the Copaiba gum, the Sapodilla, and the Carapa. The 
leaves preserved include mangroves, satin wood, citrus, stopper, but- 
tonwood, canna, sea grape, climbing ferns (Lygodiiim), and the 
tropical marsh fern (Acrostichum), cinnamon, and many other 
tropical types. 

During the Oligocene the climate became cooler and drier. Many 
modern African and Australian types occur in Europe. Ih America 
the plains type of country became prominent in the west as a result 
of the rising mountain systems. The polar floras retreated to lower 
latitudes. Along the Gulf of Mexico many tropical types, such as 
the breadfruit and camphor survived, but were gradually replaced 
by temperate trees like the elm and hickory, until toward the close 
of the Pliocene the flora became very similar to that of to-day, al- 
though the species were extinct forms of our familiar genera of 
mixed hardwoods which ranged farther west in the prairie States 
than they do at present, and exotic types like the Ailanthus at Floris- 
sant give testimony to the subsequent lapse of time. 

The ^Miocene forests of Europe were extensive and contained a 
greater variety than do those of niodern Europe. The floras of the 
N’orthern Hemisphere were still largely cosmopolitan, or at least 
Holarctic. and the Miocene and Pliocene deposits of Europe contain 
many American or Oriental types, such as walnuts, hickories, bald 
cypress, magnolia, tulip tree, sassafras, and sweet gum, which sub- 
sequently became extinct on that continent. 

The Pliocene florally is simply a somewhat modernized Miocene. 
American Pliocene floras are little known, but include forms like the 
water chestnut (Trapa), now extinct in the Occident. In Europe the 
Pliocene was a time marked by the completion of the Alps and great 
geographical changes in the Mediterranean region, where the sea 
margins were densely forested with a great variety of mixed hard- 
woods, among which many American and Asiatic types were promi- 
nent. Xumerous still existing species, such as the bald cypress, box, 
maple, yew, etc., appear during the Pliocene, plant bearing deposits 
of this age being especially common throughout Europe. In South 
America the tropical rain forests of the Amazon basin still covered 
the present desert region along the Pacific Coast, and the Andes were 
at least 14,000 feet lower than they are at the present time. 

136650°~20 27 
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THE PLEISTOCENE FLORAS. 

The Pleistocene, because of the widespread glaciation which gives 
it a distinctive place in geological chronology, is, for humanity, the 
Ice age or Glacial period, although a similar period of climatic rigor 
has already been described in connection with the Permian Glos- 
sopteris flora, and evidence of similar glaciations in the early 
Paleozoic and pre-Paleozoic times has been discovered in recent 
years. That the Pleistocene glaciation was contemporaneous with 
the evolution of the human stock and exercised a profoundly modify- 
ing influence on the noble races of mammals and forest trees of 
the Northern Hemisphere enhances its interest, as does the obvious- 
ness of its modification of the topography, resulting in numerous 
lakes, ponds, and bogs. The freshness of its moraines, bowlder till, 
and sand plains — all scarcely modified in the few thousands of 
years that have elapsed since the last ice sheets disappeared — also 
emphasized its nearness to human history. 

The inauguration of glacial conditions found an essentially similar 
flora in all three of the continents of the Northern Hemisphere. The 
retreat of the last ice sheet left an impoverished flora in Europe and 
two great asylums of survivors in eastern North America and east- 
ern Asia. The explanation, broadly speaking, is most simple. 
Neither America nor Asia with their extensive coasliil plains and 
north and south mountain chains offered insuperable barriei*s to 
migration southward and back, wdiile in Europe the mountain 
ranges (Pyrenees, Alps, Carpathians, Balkans, Caucasus) all trend 
east and west, many were lofty enough to be local centers of glacia- 
tion. while the sea effectually stopped the gaps between the various 
mountain systems. Hence many of the plants of the Pliocene forests 
of Europe were unable to escape extinction and so perished. 

There were at least four separate times when ice sheets accu- 
mulated over the land. Each of these lasted for from 10,000 to 
20.000 years, and they were separated by long intervals of genial 
climate known as Interglacial periods, of thousands of years’ dura- 
tion. during which the floras spread northward to even beyond 
their present range. Many such Interglacial floras have been de- 
scribed from Europe, where the subject has been diligently investi- 
gated in connection with the economic study of peat bogs. The 
best Icnov n Interglacial flora of North America, w^here the extensive 
peat resources have been largely neglected, is that found in the 
Don Valley near Toronto. Here are found the plane tree, maple, 
osage orange, and other types that do not quite reach that latitude 
at present. Other traces of the Pleistocene floras are found in cave 
deposits associated with a partially extinct fauna, and buried swamp 
deposits o\erw helmed by a mantle of sand during changes along the 
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coasts yield their quota of forms, most of which are still existing 
species, such as the bald cypress, loblolly pine, sycamore, Carolina 
poplar, hickory, river birch, and various species of oaks. All of 
these show that the Interglacial floras scarcely differed from those 
of to-day except in the details of distribution of the various species. 

During the epochs of glaciation these temperate forests retired 
southward and gave way along the ice front to arctic willows and 
dwarf birches, which penetrated southward to about latitude 40°. 

The post-glacial amelioration of the climate, the opening of areas 
that had been covered with glaciers to occupation, the mixing of 
soils through ice action, all combined to stimulate evolutionary ac- 
tivity in the plant kingdom, particularly among herbaceous forms, 
many of which date from this time. It seems probable that the char- 
acteristic Temperate Zone herbaceous families, already mentioned in 
the description of the angiosperms (ante) date from about this 
period. 

Posbibly more potent than natural causes in modifying the existing 
vegetation has been the action of humanity, with fire, ax, and do- 
mesticated grazing animals. Forests are now waning. Human in- 
tercourse results in untold feats of distribution, emphasized by the 
familiar cosmopolitan weeds of these modern days. Insect and 
fungal pests are similarly spread both rapidly and widely, and all 
of these factors tend to increasingly restrict or even exterminate 
the native vegetation. 




THE DIEECT ACTION OF ENVIRONMENT AND 

EVOLUTION.^ 


Pbince Keopotkin. 


There can be no doubt that species may become greatly modified through the 
direct action of environment. I have some excuse for not having formerly 
insisted more strongly on this head in my Origin of Species, as most of the best 
facts have been observed since its publication. — Darwin, Life and Letters, iii. 232. 

When we cast a general glance upon the work accomplished during 
the last half century in connection with the theory of evolution, we see 
that the question which underlay most of the theoretical discussions 
and inspired most of the study of nature and experimental research 
was the great fundamental question as to the part played by the direct 
action of environment in the evolution of new species. This question 
was one of the absorbing thoughts of Darwin in the later years of 
his life, and it was one of the chief preoccupations amongst his 
followers. 

A mass of researches having been made in this direction, I analyzed 
them in a series of articles published in this Review during the last 
seven years. Beginning with the evolution of the conceptions of 
Darwin himself and most evolutionists about natural selection, ^ I next 
gave an idea of the observations and experiments by which the modi- 
fying powers of a changing physical environment were established 
beyond doubt.^ Then I discussed the attempt made by Weismann to 
prove that these changes could not be inherited, and the failure of this 
attempt.^ And finally I examined the experiments that had beenmade 
to ascertain how far the changes produced by a modified environ- 
ment are inherited.^ What we have to do now is to consider the con- 
clusions which may be drawn from all these researches and discus- 
sions. 

I. 

When Darwin was leaving England for a cruise in the Beagle he 
was w arned by one of his friends that he must not let himself be 


^ Reprinted by permission from The Nineteenth Century and After, January, 1919. 
-Nineteenth Century and After, January, IdlO. 

” “The Direct Action of Environment in Plants,” July. 1910 ; and “ The Response of 
Animals to their Environment,” November and December, 1910. 

Inheritance of Acquired Characters: Theoretical Difficulties,’* March, 1912. 

® ” Inherited Variation.s in Plants,” October, 1914; and ” InheriUMl Variations in 
Animals,” November. 1915. 


409 



410 


ANXrAL REPORT S.AEITHSOXIAX I:S'STTTI:TT0X, 1918. 


influenced by what he might see in nature in favor of the variability 
of the species. “Xone of these French theories/’ he was told (I 
quote from memory), which meant: Nothing of the ideas of Buff on, 
Lamarck, and Geoffrey Saint-Hilaire, according to whom the direct 
action of the ever-changing conditions of life originated the infinite 
variety of vegetable and animal forms peopling the globe.” 

Darwin carefully observed nature and studied its life, and he felt 
the spell of “the French ideas.” And both in 1842, when he wrote 
a first sketch of his conceptions about evolution/ and in 1859, when 
he published his Origin of Species, where he insisted upon the domi- 
nating part played in the evolution of new forms by natural selec- 
tion, he indicated at the same time the part that is played by the 
Buffon-Lamarckian factor — ^the direct action of environment. Lyell 
even reproached him with the “ Lamarckism ” of the Origin of Spe- 
cies. However, at that time Darwin postponed a thorough discus- 
sion of the subject to a work on variation, for which he was collect- 
ing materials. Only nine years later he published the first part of 
this work; but in the meantime, already in the third edition of the 
Origin of Species, he felt bound to introduce important matter deal- 
ing with the direct action of environment. His great work on Vari- 
ation, as well as the sixth edition of Origin of Species, contained, in 
fact, a straightforward recognition of the importance of the environ- 
ment factor in the evolution of new species. He did not hesitate to 
admit that in certain cases “definite” and “cumulative” variation 
under the influence of enviromnent could be so effective for origi- 
nating new varieties and species adapted to the new environment, 
that the role of natural selection would be quite secondary in these 
cases. 

The reasons for such a modification of opinion were acknowledged 
by Darwin himself. In the fifties there were no works dealing on a 
scientific basis with variation in nature; while experimental mor- 
phology, although it had been recommended already by Bacon,- was 
called into existence after the appearance of Darwin’s work. Still, 
the new data, rapidly accumulated in these two branches of research 
after 1850, were such as to convince Darwin of the importance of the 
direct action of environment, and he frankly acknowledged it. 

Of course he did not abandon the fundamental conception of his 
Origin of Species. He continued to maintain that a purely indi- 
vidual. accidental variation could supply natural selection with the 

'The Foundations of tho Orij-in of Spocips, a skotch written in 1842. Edited by bis 
son Francis Darwin Cambridge, 1909. 

s In' Sylva Sylvaruto- (Works, London, 1824. tin* sjroat founder of inductivo 

science wrote : “ First, therefore, you must make account, that if you will have one plant 
change into another, you must have the nourishment overrule [the inherited dispositions]. 
♦ * ♦ You shall do well, therefore, to take mar.sh herbs and plant them upon tops of 

hills and chanipai^s ; and such plants as require much moisture, upon sandy and very 
dry grounds. ♦ • ♦ This is the first rule for transmutation of plants.’* 
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necessary materials for the evolution of new species. But he also 
had seriously pondered upon the following question that was raised 
by his first great work. Granting all that has been said about the 
importance of the struggle for existence — would natural selection be 
capable of increasing, or merely accentuating, from generation to 
generation a new useful feature, if this feature appeared accident- 
ally, in a few individuals only, and was therefore submitted to the 
law of all accidental changes? Is it not necessary, for obtaining 
a gradual increase of the new character, that some external cause 
should be acting in a definite direction for a number of generations 
upon the majority of the individuals of a given group and its effects 
be transmitted more or less from one generation to the next ? 

The reply that Darwin gave to this question in 18 G 8 in the revised 
(sixth) edition of his Origin of Species was pretty definitely in the 
affirmative. He wrote: 

It should not, however, be overlooked that certain rather strongly marked 
variations, which no one would rank as mere individual variations, frequently 
recur, owing to a similar organization being similarly acted on — of which fact 
numerous instances could be given with our domestic productions. * * * 

There can also be no doubt that the tendency to vary in the same manner has 
often been so strong that all mdlvidtials of the sa)ne species have been similarly 
modified ivithout the aid of any form of selection} 

Besides, everyone who will take the trouble (or rather, give him- 
self the pleasure) of rereading Variation will see that such a thing 
as an indefinite, haphazard variation, even with the aid of natural 
selection, hardly had any importance for the great founder of the 
theory of evolution at the time when he wrote this last work.^ Over 
and over again he repeated in it that variability depended entirely 
upon the conditions of life ; so that if the latter remained unaltered 
for several generations, there would be no variability, and conse- 
quently no scope for the work of natural selection/^ And, on the 
other hand, where the same variation continually recurs, owing to 
“ the action of some strongly predisposing cause,” the appearance of 
new varieties is rendered possible, independently of natural selec- 
tion. In chapter xxiii he gave the facts he was able to collect before 
1868 , rendering it probable that climate, food, etc., have acted so 
definitely and powerfully on the organization of our domestic pro- 
ductions that new subvarieties or races have been thus formed with- 
out the selection by man or nature.” It is also evident that if Darwin 
had had at his disposal the data we have now he would not have 
limited his conclusions to domesticated plants and animals. He 
would have been able to extend them to variation in free nature. 

' Origin of Specie^;, 6tli edition, p, 72 ; the italics aro mino. 

2 See Variation in Domesticated' Animals and Plants, vol, ii, pp. 2sn, 201, 200, 221, 222, 
347, and so on, of the 1905 popular edition of Mr. Murray. 
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II. 

For tlie first 20 or 30 years after the appearance of the Origin 
of Species research was cliiefly dii^ected to the study of the direct 
action of environment as it works in free nature and is made to 
work in our experiments. The chief result of these researches was 
to prove, first, that there are no such specific characters, either in 
plants or in animals, as could not be altered by modifying their 
physical conditions of life; and, second, that the variations obtained 
experimentally imder certain conditions of heat or cold, dryness or 
moisture, rich or poor nutrition, and so on, were exactly those which 
are characteristic for animals and plants living in the Arctic and 
the Torrid Zone, in a dry and in a wet climate, in fertile prairies 
and in deserts. It was thus proved that if a species of plants or 
animals migrated from a warmer into a cooler region, or from the 
seacoast inland, or from a prairie land into a desert, variation itself 
amongst the new immigrants, apart from natural selection, would 
tend to create a variety representing an adaptation to the new con- 
ditions. The same would happen if the climate of a given locality 
underwent a change for some physiogi'aphical reason. In both cases 
natural selection would thus play a quite subordinate part — that of 
a “handmaid to variation,’' as Hooker wrote in one of his letters 
to Darwin. It would have only to weed out the weaklings — those 
who would not possess the necessary plasticity for undergoing the 
necessary changes in their tissues, their organs, and (with animals) 
in their habits. 

The researches of those years having shown how the floras and 
the faunas of the Arctic barren lands, the Alpine summits, the Afri- 
can swamps, the seacoasts, the deserts, and the steppes were adapted 
to withstand the climate and the general conditions of life in each 
of these surroundings, the first steps were also made, especially by 
botanists, to prove that most of these wonderful adaptations could 
be reproduced in a short time in our experiments. It was sufficient 
for that to rear the plants or the animals in those conditions of 
temperature, moisture, light, nourishment, and so on, which prevail 
in the different regions of the earth. Hence, already then, especially 
for those who were acquainted with nature itself, it appeared most 
improbable that the adaptations of plants and animals which we 
see in nature should be the results of merely accidental, fortuitous 
variations. 

To take one of the simplest instances — we had learned from ex- 
periments that when a plant was grown under a glass bell in a verv 
dry air its leaves soon ceased to develop succulent lobes, and the 
ribs of the leaves were tunied into spines or prickles. And when 
we saw that spiny plants were characteristic of the vegetation of 
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dry regions, we could not be persuaded that the unavoidable trans- 
formation of leaves into prickles and spines in all plants immigrat- 
ing into a desert, or growing in a gradually desiccating region, 
should count for nothing in the evolution of spiny species. We 
could not believe that all the evolution of the so-called adaptive ” 
structures in deserts, sea borders, Alpine regions, and so on, which 
is going on in nature on an immense scale as a physiological result 
of the conditions themselves, should leave no trace in the evolution 
of the desert, sea-border, and Alpine species; that the adjustments 
which are in the individual a direct consequence of the physico- 
chemical action of the environment upon its living matter, should 
have in the evolution of a species a merely accidental origin. 

Already then many biologists took the Lamarckian point of view; 
and very soon Darwin himself, after having gained what he con- 
sidered to be the main point of his teaching — the variability of 
speciesd made the next step. He recognized the powers of the direct 
action of environment in the evolution of new varieties, and even- 
tually new species. The part of natural selection in this case was 
to eliminate those individuals which were slow in acquiring the new 
adaptive features, and to keep a certain balance in the evolution of 
new characters. Its function was thus to give a certain stability 
to the new variety. Of course this stability did not mean immuta- 
bility. There being no immutable species, it meant only that the 
new features would be retained for a certain number of generations, 
oven if the new variety was placed once more in new surroundings, 
or was returned to the old ones. 


Til. 

That changes produced in plants and animals by the direct action 
of a changing environment are inherited was not a matter of doubt 
for Darwin. He had carefully studied and sifted the experience of 
breeders and cultivators, and he found in it ample proofs of such 
an inheritance. He was aware, of course, that mutilations are not, 
and can not be, inherited as such (this had been known, in fact, 
since the eighteenth century) ; but he also kneAv that characters de- 
veloped in a new environment were transmitted to the offspring — if 
the modifying cause had acted upon a certain number of generations. 
This last limitation was well known to both Lamarck and Darwin 
and repeatedly mentioned by them. 

Having already discussed in a previous article the teachings of 
Weismann, who opposed this view, I shall refer the reader to that 
article- and only mention here and further develop one or two of 
its points. 

2 Xiin'teenth C«*ntury and After, March, 1912. 


^ See bis Letters. 
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Going back to an early and not generally known work of Weis- 
mann, Upon the Final Causes of Transmutations,^ I found that the 
origin of his teachings was not experimental; it was theological. 
In 1876 Weismann was still a Darwinist. His own experiments on 
seasonal dimorphism had confirmed the facts discovered by Dorf- 
meister concerning the effects of temperature in producing two dif- 
ferent races of butterflies, while the experiments that Weismann made 
subsequently on mice to prove the nontransmission of a mutilation — 
the clipped tail — added absolutely nothing to our previous knowl- 
edge. If Weismann had taken the trouble of consulting Darwins 
Variation before he had written his eighth essay he would have seen 
that clipped tails are not inherited, and he would have learned Avhy 
such mutilations have little chance of being inherited — embryonal 
regeneration — and why their nontransmission did not affect Darwin s 
views upon the inheritance of variations. 

It was under the influence of Schopenhauer’s, Hartmenn’s, and 
Karl Baer’s criticisms of the philosophical substance of Darwinism 
that Weismann accepted the idea of Baer that evolution without a 
teleological guidance from above was an unscientific conception. He 
thus came to the conclusion that, although evolution is a mechanical 
process, it must have been predetermined by a supreme power in 
accordance with a certain plan. And, in order to reconcile teleology 
with mechanism,” he borrowed from Niigeli and partly from Xuss- 
baiim the idea of “ continuity ” of the germ plasm ; and thus he came 
to a Hegelian conception of an immortal germ plasm ” — a matter 
endowed with an immortal soul.” His hypothesis was thus suggested 
by those same considerations, lying outside the domain of science, 
that Darwin had had to combat. 

In his Essays upon Heredity, written in 1881-1887, Weismann 
represented his germ-plasm hypothesis as an outcome of the remark- 
able microscopical discoveries made in those years by a number of 
well-known anatomists concerning the processes taking place during 
and immediately after the fertilization of the egg. But as early as 
1897 Prof. Hartog made the quite correct remark that the cardinal 
defect of the theory of Weismann was its objective baselessness.” 

Tt professes [he wrote] to be founded on the microscopic study of the changes 
iu the nucleus in cell division, but there we find nothing to justify the assump- 
tion of t^^■o modes of nuclear division in the embryo — the one dividing the deter- 
minants and the other only distributing them between the daughter cells.” 

Eater on two of the leading mica-oscopists who took part in the 
just-mentioned discoveries, far from giving sup})oi‘t to Weismann’s 

’ “ I die letzten Umiehen der Traiismutatiunen,” in Studien zur De.scendenzthoorio. 
Leipzig, 187C», chapter “ Mechani^mus und Teleologie.” I don’t know whether there 
exlst'< an Encrli^'h translation of this chapter. 

= “The Fundamental Principles of Ilorodity/’ in Natural Science, xi. October and No- 
v*‘mher, ISOT. Reproduced in Professor Marcus Tlartog’s Problems of Life and Reproduc- 
tion, T.ondon, 1913. 
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contention that no material influences can be transmitted from the 
protoplasm of a cell to the germ plasm of its nucleus, distinctly con- 
tradicted itd 

More than that. The fundamental point of all the hypotheses 
brought forward by Weismann was the isolation of the germ plasm 
and the impossibility of its being influenced by the changes going on 
in the body under the influence of the outer agencies. But the more 
we advanced in the study of heredity the more we were brought to 
realize the close interdependence of all the organs and tissues of the 
living beings — plants and animals alike — and the impossibility of 
one of their organs being affected without a disturbance being pro- 
duced in all parts of the organism.- We learned from the best 
embryologists that the living substance which is the bearer of in- 
heritance is not localized in the nucleus of the germ cells, and that 
an intercourse of substances between the nucleus and the cell plasm 
must be taken as proved.^ Finally, we have now experiments tend- 
ing to prove that even unimx)ortant lesions of the body may be fol- 
lowed by important modifications in the reproductive cells.^ 

The difficulties which the hypothesis too hastily framed by Weis- 
inann had to contend with when it Avas confronted Avith the scientific 
observation of nature, and the neAv hypotheses he brought forAvard 
to meet the rapidly accumulated contradictory facts, Avere discussed 
in my aboA e-mentioned article. Sufficient to say here that, after 
having emphatically denied at the outset that his immortal ” germ 
plasm could be influence<l ])y external agencies in the same direction 
as that taken by the somatogenic changes (in the body) Avhich f ol- 
io av the same causes and after having maintained that the mix- 
ture of tAA^o germ plasms in sexual reproduction (that is, amphi- 
mixis) Avas ‘"the only aa ay that hereditary influences “ could arise 

1 Oscar Hertwig, Dor Kampf um Kernfrai^cn der Entwickelungs- and A'ererbung'ilohre, 
Jena, 1909, pp. 44—45 and 107—108. See also Nineteenth Century, March, 1912, p. 520. 

“To a review^ of this que’^tion in his capital work. Lieredity (London. 1008, p. 64), 
Prof. J. Arthur Thom.son added the following words : “ Holding firmly to the view which 
we have elsewhere expressed, that life is a function of interrelations, we <‘onfess to hesita- 
tion in accepting without saving clauses any attempt to call this or that part of the 
germinal matter the exclusive vehicle of the hereditary qualities.” 

^ Rabl, Ueber Organ-bildende Substanzeu und ihre Bedeutung fiir die A^ererbung : E. 
Godlew'&ki jun., in Roux’s Archiv, vol. xxviii, 1908, pp. 278-3T8. The connection between 
all the cells in plants has been proved by observation, and now it begins to be proved for 
animals The lively intercourse K'tween the c»dls of the animal's ]>ody by means of the 
wandering cells, which was observed during regeneration processes, seems not to be 
limited to these processes. The researches of His, Kupffer, Loeb, R<mx, and Herbst are 
tending to prove that the same cells also take part in the ontogenetic processes. (See 
the articles of ILu-b^l in Biologisches Centralblatt, vols xiv and xv ) As to Xussbaum. 
whos«* work suggt'sted to Weismann the ” continuity” of the germ-plasm, his idea is that 
the germ cells are exposed to the same modifying agencies as the body cells (Archiv fiir 
mikroscopische Anatomic, xviii, 1908, quoted by Prof, Kignano in La transmi-^sibilite des 
caracteres acquis, p. 169.) Many other biologists <‘ome to the same conclusion. 

* Experiments of Ignaz Schiller on Cyclops and tadpoh‘s ; preliminary report in Roux's 
Archiv, xxxiv, pt. 3, pp. 469-470, 

5 Essays, ii, 190. 
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and persist,'’ ^ Weismann soon had to abandon his amphimixis 
hypothesis (already repudiated long since by Darwin) . Gradually 
he came to the hypotheses of “ germinal selection,” or struggle for 
food between the determinants of the germ plasm, as a probable 
cause of inherited modifications, and parallel induction.” In these 
two hypotheses he thus acknowledged that the germ cells are modi- 
fied by external causes, so as to reproduce in the offspring the somatic, 
or body changes produced in the parent by the environment. Only 
in his second hypothesis he suggested that the germ cells are influ- 
enced directly by the external agencies — not through the modifica- 
tions produced by the environment in the organs and tissues of 
the body. It hardly need be said that most biologists received this 
last suggestion not as a new working hypothesis but as a veiled con- 
cession of AVeismann to his opponents. In fact, the hypothesis Avas 
not a generalization born from the study of changes going on in 
germ cells under the action of external agencies; it was advocated 
only as an hypothetical explanation for the facts that contradicted 
the previous hypotheses of Weismann. But till noAv, ^Sve are told 
by the specialists who have studied the subject,” it is impossible to 
ascertain in one single concrete case of inheritance how the modifica- 
tion was produced in the germ cells — through the body cells or 
independently of them.^ 

Some biologists saw in “ parallel induction ” an interesting new 
line of research, and they followed it. But Darwin, who already 
knew this hypothesis long before Weismann resorted to it, pointed 
out with full right, in Variation, that although a simultaneous modi- 
fication in some definite direction of the body cells and the germ 
cells takes place in certain special cases, this can not be a general 
cause of the hereditary transmission of variations. Like Amphi- 
mixis, this hypothesis does not account for the inherited adaptive 
variations, the necessity of which for the evolution of new species 
Darwin already saAv in 1808 , and we still better see now. 

In short, Wei smarm's attempt to combine the pre-Darwinian con- 
ception of innate predetermined Aariations Avith the Darwinian 
principle of natural selection has failed: and an attentiA^e reader 
of his last work, Vortrage zur Descendenztheorie, especially the 
pages 2. >8-31 5 of the second A'olume, will himself see how little there 
remained from that attempt. By his criticisms of some facts, Avhich 


’ Es-^ays. i, 106 . 

-Ct U riat«\ S^'O ktinnsprinzip. 4tb f’dilion, lOl'i, pp. 441-442, The 5 >ame view, as it 
pointed out by Prof Ilarto^, is h»4d by E. B. Wilson, the author of a standard work 
on t t cell. Athether the variations [hp writes] first arise in the idioplasm [the germ 
^’J^^‘thPr thpy may arise in the body cells, and then be 
far .Hvl a question to which the study of the cell has thus 

n 4 ^- *' Development and Inheritance, 2d edition, 1900, 

Murray iort 2 \ ^ m his wo:k. Problems ut Life and Ilcproduetion, London, 

^lurraj, p. chapter on the inheritance of acquired characters). 
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formerly used to be quoted as i^roofs of the inheritance of acquitted 
characters, he certainly induced biologists to go deeper into the 
subject of heredity. But that was alh In his attempts at construc- 
tive work he failed. He had not that power of inductive generaliza- 
tion which leads modern science to its great discoveries. His 
hypotheses w^ere brilliantly and imaginatively developed suggestions, 
but they w^ere not brilliant inductive generalizations. They even 
lacked originality. 

IV. 

Howevei*, it may be asked : IVhy do we not know more cases where 
the hereditary transmission of acquired characters has been proved 
by experiment? Why have we not yet proofs of acquired characters 
being retained for a number of generations, even though the offspring 
Was taken back to its old environment? These two questions cer- 
tainly deserve a careful examination. 

The reasons are many. To begin with, it is extremely difficult to 
breed plants, and still more so higher animals, in surroundings suf- 
ficiently different from the normal ones for altering the 'distinctive 
characters of a species. Especially is it difficult to make animals 
reproduce themselves in such conditions. In the best conducted 
experiments it happened over and over again that the second genera- 
tion, when it was bred in an unusual environment, perished entirely; 
in the best cases only one or two individuals survived. 

Besides, it was only gradually learned by the experimenters 
that, in order to obtain an inheritable variation, the modifying 
cause m;ust act at a certain period of the individuaFs life, when 
its reproductive cells are specially sensitive to new impressions.^ 
And then the experiments require time. VTiile it is very difficult 
to breed several generations in succession in unusual conditions, 
it is precisely several, or even many generations which must 
be under the influence of a modifying cause in order to produce 
a more or le^s stable variation. Lamarck, in stating his two 
laws of variation, was careful to indicate that the changes must be 
slow, and that they must take place for a succession of generations, in 
order to be inherited and maintained later on for some time. Darwin 
repeatedly insisted upon this. But only now the conditions under 
which such experiments must be conducted are beginning to be 
realized in special climatic stations and laboratories. Hp till quite 
lately such experiments were not in favor in most of the w^est 
European universities. 

Finally, during the first decades after the appearance of the 
Origin of Species, research was chiefly directed, as w^e have seen, 

1 Darwin knew it anU rnenfiouod it in several plarev in Variation; but when the fact 
wag established by the experiments of Merrifiehl, Standfuss. and so on, it was received 
as a new discovery 
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to prove the very fact of a great variability of the species, even 
in their typical specific characters — ^this being denied then by a great 
number of zoologists and botanists. And later on a mass of experi- 
ments had to be made in order to prove that if plants and animals be 
placed in such conditions of temperature, moisture, light, and so on, 
as are offered in different regions of the earth, they will display ex- 
actly those variations which are characteristic of the floras and faunas 
of these regions, without any interference of natural or artificial selec- 
tion. Besides, it was important to prove, and it was proved, that 
these variations, representing in most cases adaptations to the new 
conditions of life, could be produced by the new conditions them- 
selves, which stimulate certain physiological functions (nutrition, 
evaporation, the elaboration of fats, and so on), and through them 
modify different organs.^ 

Only after this immense work had been done — and it took more 
than 40 years — did biologists begin to investigate how far such varia- 
tion is capable of giving origin to new races, and how many genera- 
tions must be submitted to the modifying influences in order to pro- 
duce a more or less stable variety.^ 

It must also be noted that at the outset inheritance experiments 
were chiefly made with variations in the colors and the markings of 
insects, and only now are they beginning to be directed toward the 
far more important study of variations in physiological functions, 
which are (as was indicated long since by G. Lewes and Dohm, and 
lately by Plate) the chief agencies in the evolution of new races. 

These are the causes which explain why the inheritance of en- 
A'ironment -variations has not yet been proA^ed by more experiments. 
IIoAvever, it must not be forgotten that we know already two im- 
portant groups of variations, both due to environment, which are 
inherited, and the inheritance of which is not contested. One of them 
is the inheritance of variations by means of bud -reproduction, and 
the other includes the so-called sports," described by de Vries as 
•• mutations.” 


^All this ha*s boon provp<l by pxperimont, nnd this is why a p:ood-si 5 ?pd book would ho 
required to record the results obtained lately by Experimental Mo^pholog:J^ Cf T. 11. 
Morgan’s Experimental Aforphology, New York, 1907 ; Przibram’s Experimontal-Zoologie, 
Vienna, 1910: Yves Delage and M. Goldsmith, Les theories de revolution, Paris, 1909; 
and so ou. 

-That tiim' was an imporfant element in the problem was emphatically asserted by 
both Lamarck and Darwin, and even by Bacon. But there are Weismannians who over- 
look it. Thus Lamarck was reproached with having enunciated two contradictory state- 
ments in his first and second law. But such a reproach could only be made by overlook- 
ing the time that is required to produce the changes. To use Lamarck’s own words time 
IS needed - both in gradually fortifying, developing, and increasing an organ which is 
in undoing that effect by imperceptibly weakening and deteriorating it, and 
limmisbing its facultio'^, if the organ performs no work” (first law). All that the 
I!: acquired or lost in this way transmitted to the 

that the np^ former; but it says not a word about the length of time 

again in npw to be maintained, if the new-born individuals are placed 

ITcl rZ l returned to the old one. These individuals evidently fall in 

such case under the action of the slow changes mentioned in the first law. 
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With regard to the former I have already mentioned in a previous 
article^ that Darwin, who had studied the subject, had shown that 
there is no means of finding any substantial distinction between re- 
X^roduction by buds, cuttings, rootstocks, and the like, and reproduc- 
tion by seed. The laws of both are the same, and in both cases the 
reproduction takes place by means of germ cells, capable of reproduc- 
ing the w hole plant with its sexual organs and with sexual reproduc- 
tion, whether the germ plasm be contained in a seed or a bud, in the 
leaf of a begonia, or in the cambial tissue of a willow. And I have 
also shown that if Weismann, writing in 1888 under the fascination 
of his amphimixis hypothesis, made the grave mistake of thinking 
that thei'e is no transmission of irerm plasm in vegetative reproduc- 
tion, and therefore described ‘‘ bud-variation as an “ individual 
variation.” he at least saw his error later on. He recognized in 
1004.“ using almost the same words as Darwin used in Variation, 
that a x^lant obtained through budding is as much a new individual as 
if it had been reproduced by seed.^ 

But it must be remembered that in the vegetable world reproduc- 
tion by buds (rootstocks, runners, and the like) is far more impor- 
tant than reproduction by seed. In fact, it seems most probable 
that the immense majority of the plants which cover the northern 
part of the northern hemisphere have rex^roduced themselves since 
the glacial period chiefly by buds, runners, rootstocks and the like, 
as the Arctic and many Alx^ine plants still rex^roduce themselves. 
And as they transmitted to their ofl'spring, during this long period 
of a chiefly vegetative reproduction, the characters they ac(|uired in 
new surroundings, as they followed the retreat of the ice sheet, we 
can already sa^^ that an enormous number of sub- Arctic and Tem- 
X^erate Zone varieties and species owe their origin to the inherited 
effect of the direct action of changing vsur roundings. 

It is very nice to say in poetical language that the steppes of south 
Bussia are covered now with the same individuals of grasses that 
were withering under the hoofs of the horses during the migration 
of the I^grians from the southern Urals to Hungary : but a botanist 
w'ho knows that a bud on the rootstock of a grass contains the very 
same germplasm as the seed in its ear does not take these pretty 
images for a scientific induction. 

1 Xiii*‘teenth Century and After, October, 1014: pp. 821-S2n. 

2 Vortriige, 2d edition, vol. ii, pp. 1 and 20. 

® Weismann is thus no longer responsible for those who go on repeating his opinions of 
1888, when he believed that in vegetative reproduction we have only a subdivision of the 
same individual, and added ‘‘ Rut no one will doubt that one and the same individual can 
be gradually changed during the course of its life by the direct action of external influ- 
ences.” (Essays, i, 420.) 
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V. 

Much the same must be said about the so-called sports,” or inher- 
ited variations which seem to appear all of a sudden and have often 
given to breeders and growers the possibility of raising new varieties, 
or subspecies. Darwin paid them a good deal of attention; and in 
1900, when the well-known Dutch botanist de \ ries described the 
“ sports ” under the name of “ mutations,” and saw in them the real 
cue to the origin of species, interest in these sudden ” or “ discon- 
tinuous” variations was renewed. 

Already in Darwin’s times it had been suggested that the sports ” 
may represent an important factor in the evolution of new species, 
and Darwin had shoAvn tlie reason why this could not be the case 
(it will be mentioned further on). However, developed as it was 
by de Vries in a well-written work, rich in original observations, 
“ the mutations theory ” obtained for some time some success. The 
main objection against considering natural selection as nature’s 
means of evolving new species being the insignificance of the first 
incipient changes in ‘^continuous” variation, and their little value 
in the struggle for life, some biologists saw in the sudden variations, 
or “mutations,” the means of getting rid of this objection, without 
resorting to the hateful direct action of environment. 

De Vries based his theory chiefly on the sports of a well-known 
decorative plant, the evening primrose, or Oenothera lamarckiana^ 
which he found growing wild in a field at Hilversum, near Amster- 
dam. It displayed there a number of “ sports.'" and by cultivating 
these sports de Vries obtained a number of new “ species.”^ These 
observations led him to build up a new theory of descent. Accord- 
ing to it, the variations which Darwin described as continuous/' or 
“ fluctuating,” have no value for the appeai*ance of a new species — 
not only because they are too small for having a life value in the 
struggle for existence, but also because they are not inherited, and 
consequent h" can not be “ cumulative." The sudden “ discon- 
tinuous" variations (Darwin's “sports”) are known, on the con- 
trary, to be inherited, and they often offer sufficient differences from 
the normal type to be of value for natural selection. In artificial 
selection they have been the means of obtaining new steady varieties. 

In his earlier researches de Vries, who had studied for 15 years 
such inherited “ monstrosities as the five-leaved clover, and the 
many-headed poppy, had come, in accordance with Prof. J. MacLeod, 
to the conclusion that rich nutrition in the wide sense of the word 

^ Darwin probably would have described them only as “ incipient species/’ Prof. Plate 
considers them ns hnl)itus modifications. They differ, he says, from the mother plant in 
many organs, but in each of them in an insignificant degree. 
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(heavy manuring, keeping the seedlings wide apart, and so on) was 
the first condition for obtaining such inheritable variations,^ But 
later on, accepting the teachings of Weismann, he separated the 

nutrition variations,” which, he maintained, were not inheritable, 
from the ^"mutations.” The latter were inherited, because they were 
originated by congenital ” variations, suddenly appearing for some 
causes unknown in the germ plasm, at certain periods of the life of 
the species. Each species, lie said, has such a period, during which 
it can give origin to new species. 

However, it was soon recognized by most botanists that the value 
of the Oenothera sports for a theory' of descent had been overesti- 
mated. From accurate researches made in the United States, at 
Harlem, and in the environs of Liverpool, it appeared that the 
species described as Oenoth-era lanmrcldana had a long history: it 
was cultivated in Europe as early as the middle of the eighteenth 
century, and it easily could be a crossing of two other species of the 
evening primrose. Hence its great variability.^ Moreover — and 
this is an essential point, already noticed by Darwin — a variation is 
often described as a sudden” one simply because the minute 
changes which were leading to its appearance were not taken notice 
of. In reality, leaving aside those unimportant individual differ- 
ences which but feebly affect some organs, Darwin found no sub- 
stantial difference between the sports and the inheritable fluctuating 
variations due to environment.^ As to the idea that sports might 
explain the appearance of new species, Darwin very wisely pointed 
out that purely accidental sports could not have played such a part 
in the evolution of new species, because they would not offer that 
accommodation to environment which can only be supplied by a 
definite and cumulative variation under the influence of. a new envi- 
ronment — this variation being aided by natural selection. 

At any rate, those who have seriously studied the whole subject 
of evolution and heredity, like Vves Delage, Johannsen, Plate, 
and many others, do not now attribute to ‘^mutations” the 
importance that was going to be attributed to them a few years 

^ Cf. Die Mutationstheorie, vol. i, Leipzig, 1901, pp. 93, 97-100, and in fact all the 
fourth chapter. Also his earlier articles, L’unite dans la variation and Alimentation et 
selection, summed up in Mutationstheorie, 

- Many important data concerning variation in Oenotheras will be found in the mono- 
graph of Messrs- D. T. MacDougal, A, M. Vail, and G. IT. Shull, Mutation, Variation and 
Relationships of Oenotheras, Washington (Carnegie publications!, 1907. 

“ Monstrosities graduate so insensibly into mere variations that it is impossible to 
separate them (Variation, ii, 297-298). He considered that ** variability of every kind 
is directly or indirectly caused by changed conditions of life ” (p. 300) ; and “ of all 
causes which induce variability, excess of food, whether or not changed in nature, is 
probably the most powerful’' (p. 302). 

1 ^ 6650^—20 28 
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ago.^ Prof. Ed. Bordage, who has published lately a special study 
of the whole question of mutations^ also came to a similar con- 
clusion.^ 

To begin with, Bordage points out that the Oenothera la'tnarchiana 
is, according to different botanical authorities, a liybidd, either be- 
tween Oe. gmncUf ora and Oe, hiennis^ both imported to Europe 
in the eighteenth century (the former was known at Harlem since 
1756), or between dilferent varieties of Oe, whi(‘h is a very 

variable species.^ But even if it was not a hybrid, the evening 
primrose has undergone so many changes in the conditions of its 
culture during the last 150 ^^ears that its present considerable vari- 
ability may be a consequence of these changes. 

All taken, Prof. Bordage comes to the opinion that a mutation 
is not something substantially different from an ordinary variation. 
It is only “ a sudden external expression of internal processes, accom- 
plished gi'adually and without interruption. * Between the 

sudden and the slow variation there is no absolute difference. Both 
can be considered as the eft*ect'< of the same law. manifesting them- 
selves more or less rapidly.*’ 

VI. 


^Mutations,” we have just seen, were described as congenital vari- 
ations.’* But every variation of form and structure, once it is in- 
herited, implies a ^‘congenital variation,’’' Some change must have 
taken place in the germ cells whatsoever the origin of the variation 
or the position of the germ cells in the organism may be. IVe learn, 
it is true, from the experiments of MacDougal and Tower that cer- 
tain inheritable changes may be obtained by a direct action of ex- 
ternal agencies (temperature and so on) upon the germ cells. Of 
course, they may. But nobody has yet proved that changes joroduced 
in the body cells can not affect the germ cells, while modern research 
tends to prove quite the contrary. 

Consequently, we are not astonished to learn that de Vries, having 
recognized in his last work, Gruppenweise Artbildung, that every 


1 Thus, fully rofocruizin? that “do Vrio^ has o>tahli^lied in the domain of heredity a 
mass of fact'^, the theoretical value of which still remains in some respects to be estab- 
lished by further research,” Prof. Plate, in analyzing; the mutation theory in his monu- 
mental critical work (Selektionsprinzip, pp. 3S4-435), wrote: “The mutation theory 
obtained an apparent temporary succ('ss be<’ause ii introducf d new words for well-known 
facts and conceptions, and thus awakened the idea that a now knowledge had been won. 
It is evid<>nt that for the theory of desc» nt no real progre^^ in advance of Darwin had 
been won in that direction.'* In another very elaborate work, Vererbungslehre (vol. ii, of 
hi>. Ilandbucher der Abj,tammungslehre, Leipzig, 1913, pp. 439-475), Plate returned once 
more to this subject, and after a careful examination of the whole question (including 
Mendelism) he worded his final conclusion as follows : “ Those thoughts in it [the 
mutations theory] which are correct are not now, and its new components can not be 
accepted ” (p. 473) . 


* “ Les nouveaux probliims do I’heredite : 
1912. 


la throne de la mutation,” 


in Eiologica, ii, 


■•'ThH liitlor is tho oi.lnion of Mr, Ilouloi,i;or, nn niithnrity on the 
former is the view taken l>y Davy, and several other botanists. 


subject; and the 
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mutation must have “not only an inner cause, but also an exterior 
cause/' and that the high variability of the Oenotheras must be to 
some extent a consequence of the special conditions of the soil," ^ 
has thus given a hard bloAv to the idea of a fundamental distinction 
between “ mutations " and ordinary variation. Both are inherited, 
the difference being only one of degree in the modifying cause. 

It may be added that Erwin Baur, who also has carefully studied 
the subject, comes to a similar conclusion in his Introduction to the 
Experimental Theory of Heredity. As a rule (he writes) muta- 
tions are rare (one in a thousand individuals, or less) ; and “what 
are their causes in most cases we don’t know." Only lately experi- 
ments were made showing tliat mutations (i. e., inheritable variations) 
can be provoked by exterior influences, depending on our will. Such 
are the experiments on the Colorado beetle made by Tower, who 
used high temperatures, dryness of the air, and low atmospheric 
pressure, those of Blaringhem, who provoked inherited variations 
by mutilations of plants, and MacDougal, who acted directly on 
the reproductive cells. ^ 

Finally we learn from another most careful and gifted experi- 
menter. Professor Klebs, that those characters of a plant which 
belong to the most constant ones under the ordinary conditions of 
culture can become most variable under properly chosen conditions; 
and that both the so-called continuous and the discontinuous varia- 
tions (the mutations) can be obtained in the same individual, accord- 
ing to the external conditions into which it is placed.^ 

The consensus of opinion is thus against attributing to mutations 
an origin quite different from the origin of habitus variations. But 
once it is so, wo have in the so-called “ mutations ” another vast cate- 
gory of characters “acquired" under the influence of a clianged nutri- 
tion in a new environment, and inherited.^ And these two vast cate- 

^ Do Vrios, Griipponwoi^o AribiUlunix, pp. also Spe* Ion and Varioties : tb(‘ir 

Origin by Mutations, Locturos boforo tbo Univ*Tsity of California, odltod by D. T. 
MacDougal, Chicago, 190b, p 4-"l. 

-Erwin Baur, Einfithniiiu: in db' (‘xporimcntcllc Vombung^lcbrc, Berlin, 1011. pp. 
202-204. In a recently published work by R. Buggies Gab*?, The Mutation Factor in 
Evolution, with particular refr-mnee to Oenothera (London, lOlo), we have an imjwrtant 
contribution to this subject. Its chief intcre>t is in the researches made bv the author 
to discover the changes which take place in the germ cells when an inherited variation 
takes place in the extremely variable Cfimph^xus of sp(H‘ies and varieties represented by 
the Oenothera. Thi^sc researches have not yet brought the author to a definite conclu- 
sion as to th<‘ causes of mutations i p. ri21) ; but they open an interesting branch of 
Investigations in the great question of heredity. 

•’ “Stiidien iiber Variation.” in Roux’s Arcliiv. vol. xxiv, pp, n'view in Aniiee 

biologique, xiv. p. 3o7. 

V ith all the respect I have for the always most acc urate work of Prof, J. Arthur 
Thomson, I confess that, whatever his* other reasons in favor of dNcontinuous variation 
may ho, the facts he nnmtions in Ilen'dity (London, 1908, pp. 80-89) hardly prove that 
’■ variation leads by leaps and bounds.” The very words with which Prf>f. Thomson 
accompanies, with his habitual fairness, each of the examples h(' mentions, suggest that 
there is no reason to afl5rm and .some reason to d<mbt that the new characters appeared 
suddenly. About the wonder horse with an extremely long mane we are told that “ the 
parents and grandparents had unusually long hair”; about the Shirley poppy, that the 
“ sin.gle diseontinuous vartniion” from which it was obtainc'd ” may hav(' oeeurred often 
befor<‘ Mr Wilks saved it from elimination ” ; hut no reason is given to suggest that it 
was a “ smhbMj ” variation: the same applies to the star primrose, the moth Amphidasys, 
and the meUusoid l*soudoclitia pentata, which is said to be “ remarkably variable.** 
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gories immensely reduce the part that natural selection may have to 
play in the evolution of ne\y species. With this reduced function it 
becomes quite comprehensible. 


VII. 

The dominating tendency of modern research is thus to come to a 
synthesis of the two chief factors of evolution — the Buffon-Lamarc- 
kian factor, including the variations called forth by a changing envi- 
ronment, and the Darwin-Wallacian factor of natural selection. Dar- 
win, as Ave saw, frankly acknowledged it. 

Herbert Spencer had alread}" come to this conclusion, only giving 
even more importance to the first factor : 

The foregoing chapters, he wrote, in the second enlarged edition of his 
principles of Biology, imply that neither extreme ( i. e.. natural selection alone, 
or the direct action of environment without the aid of natural selection) is here 
adopted. Agreeing with Mr. Darwin that both factors have been operative, I 
hold that the inheritance of functionally caused alterations has played a larger 
part than he admitted even at the close of his life ; and that, coming more to the 
front as evolution has advanced, it has played the chief part in producing the 
highest types. 

It is most interesting to note that Weismann, although his starting 
point was quite different from that of Darwin and Spencer, also came, 
after all, to the same a lews. He began by proclaiming the “ all- 
sufficiency of natural selection ” for giving origin to new species, and 
rejected the necessity of inheritable adaptiA^e changes being produced 
by the environment. But we saw how he gradually came to new 
hypotheses, which actually recognized the part played in the eA^olu- 
tion of new species by inherited variation. 

Pages could be covered to show hoAv biologists engaged in experi- 
mental work came, after some hesitation, to recognize the modifying 
influence of environment. But a few quotations will do to show the 
general tendency of modern research. 

Standfuss has summed up the results of his 24 years’ experiments 
in a carefully worded lecture. He sees in the predominance of an 
older type upon a newly appearing variation the key to the difficulty 
of a transmission of acquired characters to the offspring. The grip 
of the old stirp — of what has become strongly established during a 
succession of generations — can not, Standfuss says, be easily over- 
powered by the new (a view, by the way, expressed already by Bacon). 
And after having proA'ed by his experiments that sometimes the new 
is inherited, Standfuss concludes his lecture with these words : 

The mutual interaction between the agencies of the outer world and the 
organisms gives origin to tluctuatiug (sehwankenden) new forms; they are 
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inherited more or less, then they are sifted hy selection, and kept by it within 
definite lines of development.^ 

Wettstein, who has been experimenting for years upon the modifi- 
cation of plants by exterior agencies, openly accepts the hereditary 
transmission of acquired characters in his Handbook of Systematical 
Botany. He writes: 

In the immense majority of cases adaptive characters are originated by the 
so-called “ direct adaptation ” ; in other words, we must recognize in the plant 
the faculty of adapting itself directly to the prevailing conditions of life and 
inheriting these acquired adaptation characters.^ 

J. P. Lotsy, the author of a well-known elaborate work on the 
theories of descent, comes to the conclusion that — 

unless we accept a vis vitalis (a life force) which, after all, would explain 
nothing, it is impossible to find another reason for the origin of variations but 
the influence of the external conditions on the substance of the protoplasm, and 
without an inheritance of the acquired variation, or character, there is no 
reason for its being fixed. If one absolutely denies the possibility of biometa- 
morphoses (variations due to environment) being inherited, this means to 
deny evolution itself.® 

D. T. MacDougal. after having analyzed the work of Buchanan^ 
Gages, Klebs, Zederbaum, and de Vries, finds that their discoveries, 
coupled with his own and other botanists’ work at the Desert Bo- 
tanical Laboratory in the United States and elsewhere, enforce upon 
us the conclusion that structural changes and implied functional 
accommodations are without doubt direct somatic responses, which 
became fixed and permanent in consequence of their annual repeti- 
tion through the centuries.^ 'VV. Johannsen, whose main work, Ele- 
ments of the Exact Science of Heredity,^ is held in high esteem by 
biologists of all schools, comes, in one of his late-^t writings, to the 
conclusion that without inherited variations ^‘selection would have 
no hereditary influence.’’® And so on. 

VIII. 

The idea of natural selection apparently did not occur to Lamarck, 
although several passages in his works suggest that he had noticed 
the struggle for existence. As to the modern Lamarckians, while 
nearly all of them indicate the limitations of natural selection, they 

^ M. Standfuss, “ Zur Prage der Gestaltung iind Vererbung,” lecture before the Zurich 
Naturalists' Society, in January, 1902. Zurich, 1905 (separate reprint). 

2 Ilandbuch der systematischen Botanik, Vienna, 1001 seq. I quote from Adolph 
Wagner's Geschichte des Lamarckismus, Stuttgart, 1909, p. 215. 

3Vorlesungen iiber Descendenztheorien, vol. ii, Jena, 1008. 

^ “ The Inheritance of Habitat Effects in Plant*^,” in Plant World, xiv, 1911 ; analyzed 
in Botanisches Centralblatt, Bd. cxxii, 1913, p. 134, 

5 Eleirrente der Exakten Erblichkeitslehro, Jena, 1000. pp. 308, 440, etc. 

« “ The Genotype Conception of Heredity ” in American Naturalist, xlv, 1911, quoted 
by Semon in Verhandlungen des Naturforschers-Verein in Briinn, vol. Ixix. 
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do not exclude its action from their scliemes of evolution. They only 
object to the exaggerated part attributed to it by thosje v hose concep- 
tions of descent are influenced by their sociological or supernatural 
consideration, and they understand that natural selection surely gives 
stability to the effects of the direct action of environment. Most of 
them also recognize that by the side of these two main factors of 
evolution one must take into consideration the two aspects — indi- 
vidual and social — of the struggle for life, the development of pro- 
tective instincts in the higher animals, and the effects of use and dis- 
use of organs, crossing, and the occasional appearance of more or less 
sudden variations — all these having their part in the evolution of the 
unfathomable variety of organic forms. 

Among the modern biologists, Prof. Plate has perhaps best un- 
derstood the necessity of a synthetic view of the factors of evolution, 
which he has developed in his elaborate work, now known under 
the title of “ Selektionsprinzip.’' He examined first in detail the 
scope and the possibilities of natural selection under the different 
forms of the struggle for life, and after having shown that natural 
selection steps in Avhere the Lamarckian direct adaptation fails, and 
that single-handed it would not be suihcient to solve the problem of 
the origin of species. Prof. Plate sums up his opinions in the fol- 
lowing lines which, in the present writer s opinion, are a fair state- 
ment of the case : 


The ouiy real difficulty for I>ar\Tinism is [he writes] that the variations must 
attain a certaiu amnlitude hefon* thi\v are “ select ion- worth ; that is, before 
tliey give to selection the opportunity to step in. Minimal individual differ- 
en('es can call forth no selection. However, I have shown already at some 
lengtli (pp. 100-179) that after a careful study of the problem this difficulty 
T)roves to be illusory, because, on the one hand, it is impossible to deny that 
there are variations worthy of being selected,^ and, on the other hand, there are 
in nature different ways for increasing the minimal differences, so that they 
do become worthy of selection. Of these different ways, the inodiffcation of 
functions, the changes in the conditions of life, and disuse, and orthogenesis 
enter into the category of the factors indicated b^’ Lamarck, and thendore the 
selection theory can not refuse the collaboration of the Lamarckian factors. 
T>arwinism and T.amarckisin,^ taken together, give a satisfactory explanation of 
the growing ui> of species, including the origin of a<laptations, while neither of 
these two theories, taken separately, gives it. (Selektioiisprinzip, pp. G02-603.) 


Let me only add, to avoid misunderstandings, that the Lamarckism 
of which I have spoken in these pages and which Plate has in view in 
the just given (piotation means the teachings of Lamarck as they 
appeared in his Philosophie zoologique. his remarkable Discours 
d'oiiverture de I'un X et de Tan XI. delivered at the Academy of 

> One must, however, ask whether such sudden variations appear in suffieient mim- 


r v.mrM' [he added in a footnotol, only the eausai-meelianieal 

namarckism, not its autogenetical and psychical ideas,” See pp, DOt, ,-.04, 


I>a rt of 
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Sciences at Paris, and his Systeme analytique des coiinaissances posi- 
tives de rhomine, of which the last two are entirely ignored in this 
country and the first is frequently misquoted. These teachings show 
that Lamarck had not the least leaning towards a metaphysical 
Natiir Fhilosophie and they have nothing to do with the vitalist and 
other theories of the German Neo-Laiuarckians, of whom France (a 
distinguished botanist) and Dr. Adolph Wagner are prominent 
representatives/ 

A synthesis of the views of Darwin and Lamarck, or rather of 
natural selection and the direct action of environment, described 
by Spencer as direct and indirect adaptation, was thus the necessary 
outcome of the researches in biolog}^ which have been carried 
on for the last 30 or 40 years. If considerations lying outside the 
true domain of biology, such as those which inspire the neo-Lemarck- 
ians and inspired Weismann, cease to interfere, a synthetic view of 
evolution (in which natural selection Avill be understood as a struggle 
for life carried on under both its individual and its still more im- 
portant social aspect) will probably rally most biologists. And if 
this really takes place, then it will be ea^y to free ourselves from the 
reproach which has been addressed to nineteenth- century science — 
the reproach that while it has aided men to liberate themselves from 
superstitions, it has ignored those aspects of nature which ought to. 
have been, in a naturalistic conception of the universe, the very 
foundations of human ethics, and of which Bacon and Darwin 
have already had a glimpse.^ 

Unfortunately the vulgarisers of the teachings of Darwin, speak- 
ing ill the name of science, have succeeded in eliminating this deeply 
philosophical idea from the naturalistic conception of the universe 
worked out in the nineteenth centiuy. They have succeeded in 
Xiersuading men that the last word of science Avas a pitiless individ- 
ual struggle for life. But the prominence Avhich is noAV beginning 
to be given to the direct action of environment in the evolution of 
species, by eliminating the ilalthusian idea about the necessity of 
a competition to the loiife between all the individuals of a species 
for evolving new species, opens the way for a quite different com- 
prehension of the struggle for life, and of nature altogether. 

^ See R. II, France, Der heutige Stand d^r Durwin’sch*‘n Fra gen, Leipzig, 1907 ; and 
Dr. Adolf Wagner, Geschichte des Laniarckisnius, Stuttgart, 1909. 

-Cf. “The Morality of Nature,” in Nineteenth Century, March, 1905. 




ON THE LAW OF IRREVEESIBLE EVOLUTION. 


By Beanislav 1’ktkonievtcs, Ph. D. 


Louis Dollo, the great Belgian paleontologist, first publicly for- 
mulated in 1893 (Dollo, 4) his famous law of irreversible evolution, 
one of the most important laws of the evolution of organized beings.^ 
This law has often been debated and applied, but I do not know 
that anyone has attempted to set it forth, basing his exposition on 
Dollo's own works. This is what I propose to do here, adding to 
my account some critical remarks on the value of the law" in ques- 
tion. 

The law of irreversible evolution was stated by Dollo as follows : 

An organism can not return even in i)art to a previous condition already 
passed through [d6ja realize] in the series of its ancestors, (Dollo, 4 p. 165.)^ 

It is usually supposed that the law" thus expressed applies only 
to parts and organs which are reduced or eliminated; but this is 
not correct. The law" is much wider in its application, covering 
functional organs as W"ell. In order to undei^stand more clearly the 
far-reaching nature of Dollo’s law we must make certain distinc- 
tions in the concept of organic evolution and give some definitions 
of them. 

Organic evolution may be, as we know", progressive, regressive, 
and mixed.^ If, during mixed evolution (which is the most wide- 


1 Translated, with permission, by Oerrit S. Miller, jr., from Science Progres*?, January, 
1919. 

2 He previously stated this law in 1892, in his Cours autographie, etc. (Dollo, 1), the 
same year in a note which appeared in the Bulletin de la soc. beige de G^ol., etc. (Dollo, 
2) and in an article which appeared in A. Giard’s Bulletin scientifique de la France et 
de la Belgique (Dollo, 3). 

^ Later, Dollo expressed his law with greater exactitude : 

“An organism never exactly renews a previous condition, even if it finds itself placed 
in an environment identical with one through which it has passed. But. by virtue of the 
indestructibility of the past, it always retains some trace of the intermediate stages which 
it has traversed.” Dollo 17, p. 107, and 10, p. 443.) Let us note that Dollo definitely 
admits the reversibility of conditions of existence : “ Evolution is irreversible as regards 
the structure of organisms * ♦ reversible as regards environment (Ethology).” 

(Dollo, 7, p 15.) 

^ In my course ef independent lectures ton universal evolution) given at the Sorbonne 
this year, which will later be published. T have defined evolution in general as follows : 
“ Evolution is a thing's coming into being by successive stages of change.” WTien each 
successive stage of the evolutionary process contains something more than the preceding 
stage, evolution is progressive ; it is regressive when each successive stage contains some- 
thing less than the preceding. Evolution is mixed when in an evolving whole one part 
evolves progressively and the other regressively. 
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spread type in the domain of organic evolution) progression pre- 
dominates, or, to put it in another way, if the final condition reached 
represents progress in comparison with the initial condition, we then 
shall call such a mixed evolution ascending evolution/' and of 
this process the extreme type is represented by pure progressive 
evolution with or without the addition of new parts. But if, in 
mixed evolution, regression predominates, or, in other words, if the 
final condition reached is a regress in comparison with the initial 
eondition, we shall call mixed evolution of this kind descending 
evolution,” pure regressive evolution evidently representing the ex- 
treme type of such a process. The foot of the horse, made of a 
single digit, which has come from a pentad a ctyle foot by the 
atrophy of the lateral digits and the great increase of the median 
digit, is the best-known example of ascending mixed evolution, while 
the dvull of the living Ceratodus, in comparison with that of Dip- 
terus, its probable Devonian ancestor, presents an example of de- 
scending mixed evolution. 

Taking into consideration on the one hand, the definitions which 
we have just made, and, on the other, the examples cited beyond, 
Avhich Dollo brought forward in favor of his law, we ought to sep- 
arate the cases of ascending evolution from tho^e of descending 
evolution, something which Dollo himself did not do. Clearly, 
if the structure of an organ or if the parts of an organ are lost 
through ilescendbig evolution, and if it is not pos^^ible, as is almost 
unanimously agreed, to replace the lost structure or parts, it does not 
at all follow — at least a priori— that a reversal of evolution would 
not be possible in the contrary case: that is, when the structure of 
an organ has been lost by the ascending evolution of this organ. 

We should therefore replace Dollo's single law by three dilferent 
laws, one of which, the first and most fundamental, will expre^b the 
impossibility of a reacqui^ition of lost parts, the second of which 
will apply to the cases in which the original structure of an organ 
has been lost by ascending e^■olution, and the third to the cases in 
which the structure has been lost by descending evolution. 

These three laws are as follows: 

1. Organs ami parts of organs reduced or lo-^t thi’ough regressive 
evolution can not be regained by a new progressive t‘\<)lution.^ 

Lb If the original structure of an organ ha- been lo-t through 
ascending evolution (with or without the addition of new parts) 
the original structiire can not l)e regained: 

(a) By the reacciuisition of the lost parts, this reac(|uisiti(m being 
impossible according to the first law. ^ 


iPnr th.* first law, m- Do]]*,. 7. injrir]n\ i, lo 

p (thi‘ airophUsI pin.-al ry.^ of TMioplat.M arpust, juul Dollo, 


>f Dt'rtllot•h^‘ly^D Dollo, 9, 
Dk iviiiark 2, p 4(H). 
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(&) By the regressive evolution of the new x^arts, the total disap- 
pearance of these parts being impossible, 

(c) By the ascending evolution of these new parts in a new direc- 
tion. 

3. If the original structure of an organ has been lost through de- 
scending evolution (with or without the loss of parts) , this original 
structure can not be regained: 

(i) By the reacquisition and progressive evolution of the lost 
parts, this reacquisition being impossible according to the first law. 

(ii) By the ascending evolution of the nonreduced parts in a new 
direction. 

(iii) By the ascending evolution of altogether new parts. 

II. 

The various cases falling under these three laws we wish now to 
explain by examples found in the Avritings of Dollo. 

For the first law examples are A^ery numerous. The birds lost their 
teeth during the Cretaceous period; no subsequent bird has been 
able to regain these lost parts. The mandible of mammals consists 
of a single piece homologous with the dent ary part of its I’eptilian 
ancestors; no mammal has been able to regain the lost other parts 
of the reptilian jaAv, etc. 

But the examples that especially demonstrate the validity of the 
first hiAv are those in Avhich the return to ancestral conditions Avould 
necessitate the reappearance of parts which an organism has lost. 
As these examples are at the same time illustrations of the tA\^o 
other laws Ave shall deal with them in connection Avith-these laws. 

The best-known example of the first alternatiA^e under the second 
law is the pseudo dentition of Odontopteryx, an Eocene fossil bird. 
Instead of the true teeth that have been lost, Odontopteryx has the 
margin of the beak and of the lower mandible dentate like a saAv. 

The most striking example of the second alternative under the 
second hiAv is the 2 >elvis of Triceratops. The dinosaurian ancestors 
of Triceratops had become adapted to bipedal life, and therefore 
were possessed of a A’ery long and very narroAv ischium and of a 
pubis provided Avith a postpubis Avhich Avas similarly A^ery long and 
A'ery narrow (Dollo, 10, p. 444). In its secondary adaptation to 
(piadrupedal life Triceratops was not able morphologically to regain 
the triardiate pelvis of its far-distant quadrupedal ancestors, for it 
has retained traces of the bipedal phase in the rudimentary post- 
pubis and in the narroAv, recurved ischium. That is to say, the post- 
pubis, the new structure acquired during bipedal life, could not 
totallv disappear, and the new form of the ischium could not dis- 
appear either (Dollo, 10, p. 41G). 

The most important and most obvious example of the third alterna- 
tiA^e under the second hxAv is also found in a dinosaur, nearly related 
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to the preceding, Stegosaurus. This animal had for its immediate 
ancestors bipeds like the ancestors of Triceratops, and, like Tricera- 
tops, it became readapted to quadrupedal life. But while the tri- 
radiate pelvis of its far-away quadrupedal ancestors has been physio- 
logically reestablished through regressive evolution (atrophy) of 
the postpubis and ischium in Triceratops (Dollo, 1. c. p. 146) these 
parts have evolved in a new direction in Stegosaurus. Here the 
ischium becomes shortened and flattened ; the postpubis does the same 
and moreover applies itself closely along the ventral margin of the 
ischium. But morphologically there is here no return to the former 
triradiate condition of the pelvis, since the ischium has kept some 
trace of the form which it acquired in the biped phase, and the pos- 
terior branch of the pelvis is no longer formed by the ischium alone 
but by the ischio-postpubic complex. While evolving in the neAv 
direction the postpubis has thus changed in function (Dollo, h c. p. 
447). 

We find an illustration of the first alternative of the third law in 
the evolution of the arms in the Octopods. These animals in adapt- 
ing themselves to bottom sea life huA e lost a pair of arms (the tentac- 
ular arms) possessed by their immediate ancestors the heteropod de- 
capods. They liaAe thus become isopods again (excepting the pecu- 
liar case of the Argonaute, and the hectocotylisation of one of its 
arms) like their distant ancestors the Belemnoteuthids (isopod de- 
capods) Avithout haATng been able to regain the same number of arms 
(see Dollo, IT, pp. 115->116).^ 

The best illustration for the second alternathe of the third law is 
the foot of Dendrolagus, an arboreal Kangaroo. The structure of 
the foot in the saltatorial Macropodidae — the predominance of the 
fourth toe, the syndactylism of the second and third, the reduction of 
the fifth and the complete disappearance of the great toe — shoAvs us 
that their immediate ancestors were arboreal. In Dendrolagus, a 
Macropodid which has again become arboreal, the opposable great 
toe, completely atrophied in its immediate, ancestors the terrestrial 
kangaroos, was not able to reappear. But the unreduced parts of 
the foot haA^e undergone an ascending evolution in a new direction. 
While the metatarsals and the phalanges have diminished in length, 
the phalanges and claws have become lengthened and the claws haA e 
at the same time become cuiwed. Thus the foot of Dendrolagus has 
not been able to return to the structure of the foot of its distant 

^ A still more convincing instance would bo tbo secondary steganoccphaly of the che- 
lonians. This steganocephaly differs from tho primary stoganoccphaly of the ancestral 
ateganocephalous amphibians in that the postorhital, the Miprab-mporal, and the epiotic 
do not reappear in the cranial vault when once lost (see Dollo, 19, p. 59). But the 
secondary steganocephaly of the chelonians, although very probable (^ee especially the 
rocpnt note by G. A. Boulenger, “ Siir la place des Chelonions dans la classification ” in 
Comptes rendus, vol. 167, 1918, p. 514), is not yet beyond doubt. Si>e D. M. S. AVatson, 
Eunotosaurua africanus, in Proc. Zool. Soc., London, 1917, p. 1011. 
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ancestors, which possessed an opposable great toe, s;>Ticlactyly of the 
second and third toes, dominant fourth toe, and reduced claws. (See 
Dollo, 6, pp. 194 and 199.) 

Finally, for the third alternative of the third law we have an 
illustration in the secondary carapace and plastron of the turtle 
Dermochelys. The distant ancestors of this turtle were, like it, sea- 
turtles; its reduced primary plastron (a ring formed of four pieces) 
and its still more reduced primary carapace (represented by the 
nuchal plate alone) bear witness to the fact. When adapting them- 
selves to littoral life the immediate ancestors of Dermochelys reac- 
quired a carapace and a plastron, but this carapace and plastron are 
entirely new structures of superficial dermal origin. Kea dap ting 
itself to marine life Dermochelys has preserved this carapace and 
plastron of its immediate ancestoi^s, although both are already much 
reduced. (See Dollo, 7, i)p. 9-14.) 

III. 

The importance of the law of irreversible evolution is multiple. 
In the first place, this law has a phylogenetic application, that is, it 
places us in position to reconstruct, with the often insufficient 
paleontological material which we possess, phylogenetic series which, 
if they are not true series are at least series which represent indubi- 
table evolutionary stages. Its ethological application is yet more 
considerable. It is often the only means of determining the con- 
ditions of existence and the method of adaptation to life of fossil 
organisms. But sometimes this law has a morphological importance 
also, because by using it we can distinguish homologies from mere 
analogies. Finally Dollo has shown that it can act also as a guide 
in classification, that it therefore has a systematic application. 

The most important phylogenetic application of the law was made 
by Dollo in the difficult question of the pliylogeny of the Dipnoi. 
Dollo "s very ingenious paper on this subject (Dollo, 5) should be 
considered a model presentation of the philosophic point of view 
in the new paleontology. Before Dollo this subject was in a truly 
chaotic state, one of the most eminent paleontologists having de- 
clared Dipterus, the oldest and most primitive type, to be the most 
specialized.^ Xowhere else has the conception of the irreversibility 
of evolution given such brilliant results. Since this conception ex- 
presses the idea that we never fully return to an ancestral structure 
it can be used to determine whether a particular condition is primary 
or secondary. Consequently it can be used to decide upon the direc- 
tion of evolution when we have a series containing a sufficient num- 

1 See A. S. Woodward, Catalogin' of th<' Fo’-sil FNhes in the British Museum, pt. 2, 
1891, p. XX. But after DuUo pul)lish»'d his important memoir Woodward accepted his 
conclusions. S<'e his presidential address to the Section of Geology, in Nature, toI. 81, 
1909, p. 292 tand JJollo, 10, rem. 2, p. 3S7). 
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ber of terms intermediate between the extremes (Dollo, 5, p. 97^). 
Just such a series we possess in the paleontological series of the 
Dipnoi: Dipterus valencieimesi, Dipterus macropterus, Scaumen- 
acia, Phaneropleoiron, Uronemus, Ctenodus, Ceratodus, Protopterus, 
Lepidosiren (1. c., p. 88). Dollo shows that the structure of the 
tail as well as that of the top of the head, the squaniation, the pugu- 
lar plates, the opercular apparatus, the ganoin, and the ossification 
of the mandible, the suborbital band — all this proves that the course 
of evolution has been in the direction from Dipterus to Ceratodus. 
and not the opposite (1. c., p. 89-97). It is especially by the struc- 
ture of the tail that the concept of irreversibility is illustrated. In 
a long and thorough treatment of the subject Dollo shows (1. c., 
PXI. 89-97) that the diphy cereal tail of the Dipnoi (and of the other 
known ancient and modern fishes) is a secondary diphy cereal tail 
whose morphological value in the Dipnoi (the second dorsal fin, the 
second anal fin) is not equivalent to the morphological value of the 
primitive diphycercal tail (caudal fin). In this secondary diphy- 
cercal condition there is therefore no return to the primitive 
structure. 

The most important other cases of phylogeny which Dollo has 
considered are the phylogeny of the sirenians (Dollo 3, p. 119), the 
phylogeny of the Leather-backed turtle (Dollo, 7, p. 9), and the 
phylogeny of the Holocephali (Dollo, 13, p. 107). 

One of the most important cases with regard to the ethological 
application of the law of irreversibility is found in the memoir on 
the Dipnoi. If it be assumed that Dipterus comes from Ceratodus, 
as the latter is an adaptation to life in turbid water, it would be 
necessary to suppose cither that Dipterus represents an adaptation 
to life in mud (excessively turbid water), or else that it represents 
a return to life in clear water. The first alternative being that of 
Lepidosiren, the second is the only one which remains open for dis- 
cussion (Dollo, 5, p. 99). But, putting aside paleontological and 
purely ethological reasons, the law of irreversibility is sharply op- 
posed to such a view. 

“Would the lost Kanoin return? Would the cephalic shield resolve itself 
into its ancestral elements? W^ould the suborbital band with its ossicles in 
varying number become once more a solid arch? Would the opercular appa- 
ratus resume its original dimensions? Would the vanished jugular plates re- 
appear?" As all of these structures are reduced in Ceratodus (1. c., p. 100) 
Dipterus can only represent a primary adaptation to life in clear water, that 
is to say it is purely a fish (“ the most pisciform of Dipnoi/’ 1. c., p. 101). 

^Discussing the subject of the phylogeny of the Holocpphali (Dollo, IJl, pp. 107-10S), 
Dollo says: “The idea of the irreversibility of evolution, which has led me to the results 
that I have just demonstrated, has once more shown its usefulness. Without it one would 
he led to assi'rt that specialized organisms could become primitive again and then once 
in<)re specialize themselves in the same or another direction. Such an assumption, unlp‘>s 
Mipported by absolutely complete paleontological serif*s — which we are far from possess- 
nlfl all p'osMbility of discovering phylogeny. the main object of mor^ 
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Another important instance of the ethological application is fur- 
nished by the bipedal habits of the immediate ancestors of Stego- 
saurus and Triceratops. 

If evolution were reversible these two dinosaurs would have exactly regained 
their former quadriii>e<lul structure, and there would have been no way to dis- 
tinguish their secondary quadrupedal existence from the first (Dollo, 10, p. 448), 

The other most important cases of ethological application are : The 
secondaiy adaptation to the swimming sea life of the Pycnodonts 
(Dollo, 17, pp. 108-9) , the secondary adaptation to the sw imming sea 
life of the Trilobites Dephon and Aeglina (Dollo 16, pp. 410 and 
412), etc. 

Among the instances of the morphological application of the law, 
that of the secondary abdominal ventral fins in the teleosts has a spe- 
cial importance. As is kno\yn, the ventrals of teleosts may be either 
abdominal or thoracic or jugular. But among the abdominal ventrals 
we have two types — those which have no connection whatever wdth 
the pectoral girdle, and tlxose joined to the clavicular symphysis by 
a ligament. As there is no reason for the presence of this ligament 
in situ we have to conclude that it is the degenerate remnant of a 
former direct connection wdth the pectoral girdle. In conformity 
w ith the irreversibility of evolution the ventrals in again becoming 
abdominal have kept the connection with the clavicular symphysis 
which they acquired when occupying a thoracic or jugulax^ position 
(Dollo, 14, p. 139). 

The other important instances of the morphological application 
of the law are: (1) The very anteriorly placed choanae of the sea 
turtles (Dollo, 8, pp. 817-820), (2) the longirostral and brevirostral 
condition in Crocodilians (Dollo, 12, p. So), etc. 

Finally, we must mention the one instance in which Dollo has 
used his law in systematic work — the Ptyctodonts. Before Dollo 
these fossil fishes, then known from their dental plates only, had been 
placed among the Holocephali. In his important memoir on this 
subject (Dollo, 13) Dollo showed that, by virtue of the law' of ir- 
revcrhible evolution, the Ptyctodonts can not be regarded as Holo- 
cephali and that they ought to be treated as Arthroderes. Since 
then Dollo's conclusion has been wholly confirmed. 

Although the empiric evidence for the validity of his law has been 
abundant and varied, Dollo was not satisfied w'ith such a wdiolly 
empiric demonstration. He has attempted to give a deductive dem- 
onstration as well. He says : 

The Irreversibility of Evolution is not, as many have believed it to be, 
merely an empiric law’ based purely on facts of observation. But it has dee{>- 
seated causes which carry it in final analysis to a question of probabilities, 
ns in the case of the other law’s <»f nature. Evolution heinir a summation of 
exactly detennine«l individual variations in an exactly determined order, to 
liave it reversible would b(‘ to admit the possilulty of the intervention of 
('aiises exactly tlte inverse of those which produced and fixed the individual 
variations from which the first transformation arose, and in an exactly inverse 
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order — circumstances too complex for it to be imagined tliat they are ever 
realized. ( Dollo. 19, p. 59, rem. ; see also Dollo, 3, p. 127. ) 

And, when speaking of the impossibility of the descent of Dip- 
terus from Ceratodiis (Dollo, 5, p. 100, the passage referred to 
above) he says: 

And let it be noted that it is here a question not of one isolated character, 
but of a whole group of characters, something that is much more serious so 
far as irreversibility is concerned * * ♦ But it is particularly in its 

action on elements as multiple as these that we can affirm with certainty that 
evolution is not reversible (L c. rem. 72, p. 122). 

The irreversibility of evolution becomes, therefore, according to 
Dollo, the more probable as the number of elements increases, and 
it is practically a necessity when the number of elements is con- 
siderable. 

IV. 

Having explained the law of irreversible evolution, the various 
cases which it makes clear, also its applications, and its logical 
basis, we now wish to make some critical remarks on the various 
aspects of the law. 

In the first place, its logical basis. The deductive demonstration 
of his law, attempted by Dollo, is very doubtful. As to the number 
of element's on which evolution acts, it is not a question of cells, 
but of organs and parts of organs (because it is only these last 
which have their peculiarities determined in the germ), and the 
number of these organs and parts is not relatively great even in the 
most complex organism. But, if we consider the much greater 
number of individuals in which the organs and parts of organs show 
individual variations, the chance that they will \iivj in ditf'erent 
directions and consequently also in inverse directions becomes pos- 
sible. It is only if we assert that individual variations are rela- 
tively not very numerous — predetermined — that this course of rea- 
soning founded on pure probability bec'omes weak. In that case, 
however, the law of irreversible evolution is not the result of nu- 
merical probability, but the result of unknown internal causes of 
organic evolution. 

There is, therefore, no logical necessity in the law of irreversible 
evolution, and this law remains a purely empirical rule. Let us 
now see how much the three laws of this evolution are confirmed bv 
experience, and to what extent we should expect possible exceptions. 

As to the first law,' this law appears to be without exceptions so 
far as it applies to lost organs and parts. For the loss of an organ 
or of a part having become final by the loss of the corresponding 
tendency in the germ, it is almost impossible to imagine the reap- 
pearance of this tendency, bearin g in mind, on the one hand the 

rem^To. Handlirsch, 24, p. 132S (citpd by Dollo, 15 
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difficulty of producing new tendencies in the germ by the influence 
of external causes, and on the other the degree of correlation that 
would be needed among these tendencies. When it is a question of 
the reduction of an organ or part, two alternatives must be distin- 
guished. If the reduction has gone so far that the corresponding 
tendency in the germ is verging on complete disappearance, the re- 
duced organ or part will find itself practically in the same condition 
as if it were already lost. But if their reduction has not reached 
to such an extreme their evolution in an inverse direction will not 
be impossible. 

For the second law we must distinguish between the case of a single 
part and that of a complex organ. The regressive evolution of a sin- 
gle part, if during this evolution and the preceding progressive evo- 
lution no change of form has taken place, could clearly lead back to 
the point where the progressive evolution started. And the regres- 
sive evolution of a single part, if the corresponding arrangement in 
the germ is not too much enfeebled, could evidently also be followed 
by a new progressive evolution. But if a change of form has taken 
place during the first progi’essive evolution, and if this change of 
form has been so great that a change in the corresponding arrange- 
ment of the germ has been necessary, then neither the regressive evo- 
lution following the original progressive evolution will be able to 
lead back to the point of departure of the latter, nor will a new pro- 
gressive evolution have the power to accomplish it, because to do so 
would necessitate the return to a disappeared condition. If, for 
instance, a tooth has first increased in size and afterwards dimin- 
ished without change of form this tooth will be able by diminution 
to assume the dimensions which it had at the beginning of its in- 
crease, and a new increase of the same kind will not be impossible 
(if the reduction has not gone too far). But if the increase in size 
has been accompanied by a radical change of form, if, for instance, 
a conical tooth has become laterally compressed, then a return to the 
conical form will not be possible either during its diminution ^ or 
during a new increase in size. 

In the case of a complex organ Dollo asserts that its return to the 
previous condition through the action of regressive evolution is im- 
possible on account of the “ indestructibility of the past.” But if 
a single reduced part of an organ is regarded as the 'supposed reason 
why reversibility is impossible, we are able to affirm almost with cer- 
tainty that in such a case the indestructibility of the past does not 
exibt, because it would find itself in contradiction with tlie well es- 

' This impossibility is exactly what W. D. ^iatthcw supposes to have happen«‘(l during 
the evolution of the Frlufav when ho suppos^'s that the frlinf's <*ome from Dinictis, a 
primitive saber-toothed cat (see W. D. ^^atth(‘^v. “The riuhij^eny of the Felidae,*' Dull 
Amur. Mu<. Xat. Hist., vol. 2S. 1010. p 200 &). Scott ha^ clearly had a j^limpse of iho 
fact that this phylogeny contradict'^ the law of irreversible evolution tsee W. B, Scott, 
28, p 540 s) 

1366.50°— 20 20 
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tablished law of the necessary regress! A’e evolution of nonfunctional 
parts and organs. The reversibility of the ascending evolution of a 
complex organ, when it depends on a reduced part, is therefore not 
impossible (we can suppose, for instance, that the secondary ventrals 
of teleosts will return in the future to their original condition 
through the complete disappearance of the clavicular ligaments). 

In the case of a nonreduced part, whose form has. however, 
changed during ascending evolution, the indestructibility of the past 
again does not exist in the strict sense, the nonreduced part 
being able to change its form again by a new progressive evolution, 
although the original condition of this part, and consequently the 
original condition of the organ in question can not be reestab- 
lished. The pelvis of Triceratops may be taken as an example. The 
postpubis of this pelvis exists in a very rudimentary condition, and 
as rudimentary parts tend to disappear, the postpubis certainly 
would have disappeared if Triceratops had lived long enough. It 
is therefore only its recurved ischium, very different in form from 
the ischium of its distant tetrapod ancestors, which was able to pre- 
vent Triceratops from recovering its original pelvis. 

Finally, if there is an ascending evolution of nonreduced parts 
(pelvis of Stegosaurus) it is the change of function which saves these 
paits from a regressive evolution; the indestructibility of the past 
does not exist here either. And it is clear that the same reasoning is 
also applicable imder the third law to the evolution of a complex 
organ. 

To sum up: The irreversibility of the evolution of a complex or- 
gan depends entirely on the iri’eversibility of the evolution of the 
reduced or nonreduced individual parts which enter into its com- 
position, and the second and third laws are not witliout exceptions 
in this respect any more than the first ; as we have seen, it is the 
germinal base of the first law which underlies the entire subject. 

As I said at the beginning, most naturalists know Dollops first law 
only. This is only a part of his general law, although the most im- 
portant and most certain part.^ Thi^ general law, in spite of the pos- 
sible exceptions, has an extraordinary importance for biological 
philosophy and evolutionary philosophy in general. Dollo will al- 

1 Besides the law of irreversible evolution Dollo has formulated (see Dcdlo, 4, p. 1G.5) 
two other laws — that of discontinuous evolution (before II. de Vries) and that of limited 
evolution. In his subsoquent w’ritings Dollo has only rarely touched on those two other 
law's (on the law of limited evolution see Dollo, 7, p 0, Dollo, 8, p. S13 and p. S20. 
Dollo, 0, p 131; on the law of dNcontinuous evolution soo Dollo. r>, rem. (GG), p. 12G ; 
Dollo. 7, rem (11), p. 9; and Dollo, 17, pp. 139-140). 
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ways be regarded, like Cuvier before him, as the founder of a gi’eat 
law of the organic world.^ 
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THE FUNDAMENTAL FACTOR OF INSECT 
EVOLUTION.^ 


By S. S. Chetverikov. 


[With 1 plate. J 

The question of how this evolution traveled, which factors directed 
it along the course that led insects to their present height of organiza- 
tion, is of deep interest to every entomologist. 

Insects appeared on the earth very long ago. Beginning with the 
middle of the Paleozoic era — namely, the Carboniferous period — the 
earth’s crust contains undoubted traces of insects, principally impres- 
sions of wings, and indications of insects exist even in the earlier 
epochs. And thus, in course of this colossal interv al of time, an 
interval the greatness of which is beyond the limit of human under- 
standing (be this interval 30,000,000 or 60,000.000 years, the impres- 
sion on the mind will not be different), the process of evolution of 
the insect forms continued unabated — a process which brought them 
to the present stage. The tremendous development attained by insect 
life on earth is best shown by the following feAv figures. By 1907, 
384,000 species of insects were described and named. An annual 
average of about 6,000 species is being described since then, a num- 
ber which shows no tendency to diminish: on the contrary, as 
Europeans penetrate into tropical countries, this number is showing 
decided increase. Thus, all agree that the number of species of 
insects on the earth must be expressed by a number of at least seven 
figures. But, whichever the number we finally agree upon, whether 
that of 10,000,000 species by Riley, or the more modest figure of 
2,000,000 by Sharp, one fact remains certain — namely, that the num- 
ber of species of insects is at least six times that of species of all the 
other animals put together. And, if we recall that the number of 
individuals of each species of insects is on the average many times 
greater than that of other species of animals (excepting Protozoa), 
the colossal development of animal life in the form of entomons will 
become fully evident. 

What is the cause of this ? What is there in the insect that gave it 
the capability of occupying this exclusive position in the animal 

^Translated from the Russian by Jacob Kotinsky, Branch of Forest Insects, Bureau of 
Entomology, U. S. Dept, of Agriculture, from Bull. Soc. Ent. Moscow, Vol. I, p 14, Nov 
(15) 28, 1915. 
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world ? To answer tliis question, let us look a little into the past of 
our planet and raise, as much as nature will permit us, the curtain 
that shrouds its past history. 

In looking into the past and present of the animal world of the 
terra firma we perceive one fact — two types of animals are striving 
for dominance. These two types are the vertebrates and ilie arthro- 
pods. True, parts of both types (fishes and crustaceans) remained in 
the water, in their native medium, but in the present case they will not 
interest us. But in the evolution of insects (as well as the other 
classes of terrestrial arthropods) on the one hand and terrestrial ver- 
tebrates on the other we see a striking contrast; we have before us 
one of those characteristic instances full of deep significance, where 
nature, in aiming for the same goal, proceeds and attains it by means 
of two opposite routes. 

If this goal is assumed to be the protection of the species in the 
struggle for existence, 'what are the paths along which the vertebrates 
and the insects traveled ? These roads are hidden from us in the deep 
mystery of the past ages, and only scant, fragmentary, and scattered 
data for study are given us by the paleontological discoveries. 

The first impression we get from these data is that in early geo- 
logical epochs the vertebrate world was incomparably larger, more 
massive than in the contemporary; that the type of vertebrates ap- 
pears to be degenerating, growing smaller. 

Indeed, a whole series of gigantic forms which previously popu- 
lated the earth has completely disappeared from its face: all the 50- 
feet long Brontosauri, Mastodansauri^ elephant -like Dinothers, ilas- 
todons, and many, many others died out, and the A ust majority of con- 
temporary ATrtebrates can not compare with them in size of body. 
HoweA’er, on closer study we will note a different aspect. We will see 
that none of these ATrtebrate giants are the ancestors of the present 
forms. On the contrary, these are all forms which are always ex- 
tremely and one sidedly specialized, adapted to definite and, doubtless, 
limited conditions of existence. And Avhat is no less important, to 
Avhich I Aviffi to call special attention, is the fact that these gigantic 
forms appear as if they always conclude a series of links of a chain of 
successive forms, at Avhich it saiddenly breaks. The^e chains usually 
begin Avith small forms, Avith primitiA^e peculiarities of structure and 
only as specialized characters accumulate does the size of the animals 
groAv until it attains gigantic proportions and extreme specialization, 
and then the poAver of adaptation to changed conditions of existence 
seems to disappear and the entire chain of forms closes its earthly 
existence. For illustration I Avill ])resent a few examples. 

The class Amphibia at first appears in the loAver carboniferous de- 
posits as small salamander-like forms, Branchlosaurns . Avhich belong 
to the subclass ^tegocephah. But in the triassic we come across such 
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gigantic forms as Mantodonsaunns^ of ^vhich the skull alone was about 
5 feet long. But with these gigantic forms the entire subclass of 
Stegocephall dies out. 

The class of reptiles appeal^ in the Permian period, and is here at 
first represented by small primitive forms, which rarely exceed a halt 
meter in length {Palaeohatterla of Uynchocephalia^ 50 cm. long: 
SeymuPui of A)ioi)bodontla^ length of skull 10 cue). Only in the 
niesozoic, as the specialization of the first primitive chai^acters de- 
velops, do larger and larger and finally gigantic forms occur. 

Even in orders this relation may be followed out. Thus, in the 
oixler Sauropterygui the most primitive is the small Lariosav/rus 
(25-100 cm. long) and its highest specialization the order attained in 
the huge Phslosaiirl and Pllosauri , the skull of which is almost 1.3 m. 
long. The order Daiosauriis^ which always astounded human imagi- 
nation by the abundance of gigantic, c(do>sal, and most curious forms, 
appears at first in the Triassic in the form of comparatively small and 
primitive forms. Only later, in the upper Jurassic and in the chalk, 
do the Dinosauri attain their greatest specialization and dimension 
{B rontosaiinis IT m, long, upper Jura. ; Stcyosaurus^ 9 m. long, upper 
Jura.; Iguanodo)u almost 10 ni. high, upper Jura, chalk; finally, 
Trlcemtops^ from the upper chalks with the largest skull that ever 
existed on dry land, a length exceeding 2 m.). But after that all of 
these curious creatures rapidly die out. 

The mammalia also began their existence with insignificant sizes 
{Ainphdi,^tes^ T f'iconodon. and others), the length of which scarcely 
exceeded that of a rat. But specialization proceeded gradually and 
parallel with it also increase of size until there appeared ^uch colossal 
and in some respects highly specialized forms as Dinotheriuvv^ Masto- 
don^ mammoths, elephants, whales, etc. 

But enough of examples. It seems to me enough of these are 
given to have the assertion I made above cease to appear as strange 
as it might have seemed at first. The first impression, that the 
evolution of the vertebrates proceeded from primitive large forms 
to small ones, is false. On the contrary, we see the exact opposite: 
Primitive forms are small and the massiveness of the animal ])ody 
grows only in course of evolution and specialization. If we should 
now wish to answer the question made above — i. e., by what path did 
the vertebrates travel toward self-preservation in the struggle for 
(xistence? — the answer will now be clear. It is the path of gradual 
perfection, parallel with the accumulation of ^^trength. This is the 
path of open, direct force, but at the same time of honorable 
struggle. The vertebrate faced danger: it did not run from it, 
did not hide, and only developed it^ strength and power in the 
process of perfedion for the piir])ose of meeting the enemy. The 
herbivor increased its body in order to place its mass in opposition to 
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the smaller carnivor; the carnivor increased its strength in order to 
be in condition to overpower the larger prey which was slipping 
away from it. And thus continued step by step the struggle, a con- 
tinuous open struggle, which resulted in the gigantic and highly 
specialized forms. But conditions of existence changed and the mas- 
sive specialized animals were not able to obtain the necessary plastic- 
ity and adaptability, and died out, completing in themselves the 
chain of development of separate groups. Such is in general the 
process of evolution of the external appearance of the type of verte- 
brates.^ 

We will now pass to the insects. To keep abreast of the verte- 
brates, by developing the massiveness of form, they were evidently 
unable to do. The very brevity of their life cycle wdth the usually 
rapid cessation of growth ga^ e them no hope of conquering even a 
modest position for themselves among the increasingly developing 
vertebrate classes. It would seem their fate was doomed beyond 
hope. But in the struggle for existence nature recognizes no honor- 
able or dishonorable means ; all of them are good if they lead to the 
purpose, and where nothing can be taken by force she takes things 
by the aid of trifles, converting these trifles into a mighty power. 
If the struggle can not be direct it becomes necessary to dodge it. 
And thus, with this method, diametrically opposed to the preceding, 
the evolution of insects proceeded. 

The world is occupied by large, ponderous vertebrates, engaged in 
a keen struggle with one another, and to keep up with them there is 
absolutely no possibility; but everywhere among them there re- 
main small free nooks, w^hither it is useless for the heavy ponder- 
ous vertebrates even to think of penetrating. It is thither that the 
insects turned. Just as gravel, then sand and dust, more and more 
firmly fill the free spaces between piles of coarse stone, so the hordes 
of insects, innumerable as sand, small as dust, more and more com- 
pletely fill the crevices left by the vertebrates. And there are many 
of these nooks, and the smaller the form the more room there is for it. 

But if what was just said is true, paleontology should confirm it. 
However delicate, however small the body of the insect, yet under 
favorable conditions it still left its impression in the thin ooze of 
the filled basins, and the more than 7,600 species of excavated insects 
(Handlirsch, 1907) tell us that among them we can seek and should 
find a confirmation of our thought if it agrees with the truth. 

Insects (evidently) started existence in the lower stratum of the 
Upper Carboniferous era — i. e., in the middle of the Paleozoic — and 
already toward the end of that era they have attained considerable 
development, as shown by the 884 species of insects found there. 


all ^rrettriTl consider above outlined process of evolution as inevitable for 

^ I ^ vertebrates. Many departures from it could be found. I aimed to give only 
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If we look at any table (as in Hancllirsch) showing the inter- 
relation and evolution of contemporary and fossil insects we will 
see that almost all Paleozoic orders are extinct. We will also see that 
the majority of them barely pass out of the Paleozoic period. But, 
from the evolutionary point of view, the extinct orders are a direct 
contrast to the majority of extinct orders of vertebrates. These latter 
became extinct because in their specialization they had come to such 
a pass from which there was no outlet. The Paleozoic orders of in- 
sects, however, are all Proto orders {Protoi^thoptera, Protodanata^ 
Protohemiptera^ etc.), and the most ancient order of this period is 
Palaeodictyoptera^ an order which embodies in itself all the imagin- 
able most primitive characters of a winged insect. 

These orders became extinct not because they were extremely 
specialized, but because they evolved in the Mesozoic and gave rise to 
more perfect, better adapted forms which replaced them. And thus 
if we could get a glimpse into that world to see how these primitive 
insects lived and how they looked it would help greatly to solve our 
problem. 

If we were to turn to the authority on this subject, to the above- 
mentioned Vienna savant, Anton Handlirsch, with the request to 
picture to us the world of Paleozoic insects he could have hardly 
answered us better than we find it stated in his comparatively recently 
issued book on fossil insects.^ This statement is so interesting that I 
permit myself to quote it in translation : 

To our eye, which is accustometl to see usually delicate and extremely 
variable forms of insects around us, the character of the Paleozoic form of 
insect fauna should appear very unusual. The vnst majority of species of those 
days exceeded by many times the dimensions of their contemporary progeny, 
while small forms are entirely absent in the ancient formations, although, as 
is evident from the ^Mesozoic deposits, tliey are capable of preservation not 
worse than the large ones * * *. In the middle of the Upper Carboniferous 

period the forest swamps of our areas were populated with cockroaches about 
as long as a finger, dragon-fly-like creatures with a wing spread of about 2* 
feet, while insects that resemble our mayflies were as big as a hand. Heavy, 
clumsy forms, adapted more for short flits rather than true flight, inhabited 
the shores of streams and the forest clearings ; the ancestors of our grasshop- 
pers, crickets, and cicadas, our flies, ants, and bees passed their monotonous, 
cheerle.ss life in deep silence, wholly devote<l merely to the coarse question of 
nourishment and the elementary functions of reproduction * * *^ Only to- 

ward the end of the Carboniferous period and later in course of the Permian 
period, simultaneously with the dying out of the disappearing, primitive group 
(Palaeodicti/optera) , do somewhat more highly organized forms appear and we 
notice at the same time a diminution in their average dimension,^ 

A truly characteristic picture, not without some mystic gi’eatness. 

In the accompanying illustration (pi. 1) we see a greatly (X4/7) 
diminished restoration of one of the insect representatives of that 

^ Anton Handlirsch. — Die fossilen Insekten und die Phylogenie dor recenton Formon, 
Leipzig, 1906-1908. ' 

- I., c., p. 1150 ; tho italic-^ aro mints 
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age: Megamuva monyi Brongn., order Protodonata, Alongside of 
it (lower right), reduced to the same scale, is its contemporary 
progeny, Aeschna grandis L. What a pitiful pigmy it is and its 
specific name (grand is) sounds like such a mockery. 

Such are the giant Paleozoic insects. 

Handlirsch s conclusion that the existence of gigantic forms is 
explainable by the fact that they lived in a tropical climate is, in my 
opinion, entirely wrong. I cheerfully admit that in those remote 
times the climate of the center of contemporary France, where most 
of the excavated insects lived, might have been tropical, but we have 
absolutely no proof that this has any causative relation to the large 
size of the Paleozoic insects. 

Handlirsch himself admits that myriads of extremely small forms, 
the like of which did not exist in the Carboniferous epoch, exist in 
the present tropics alongside of the larger ones (though still not as 
large as the Paleozoic) . I am firmly convinced that the question here 
is not of climate, but of the fact that here we have only the begin- 
ning, the dawn of insect evolution. 

And now we pass over to the Mesozoic. Here the general appear- 
ance of the insects changes very abruptly. All contemporary orders 
and even many of the contemporary families have their represen- 
tatives there. I will not stop to enumerate; I will merely indicate 
that insects with complete metamorphosis appear for the first time 
in the Mesozoic. If we compare the Mesozoic fauna with that of 
the Paleozoic just described, and then with the contemporary, the 
first will be found to contain probably more in common with the 
latter than with the extinct giants that inhabited the Carboniferous 
landscape. And alongside of the already quite definite specializa- 
tion in the Mesozoic forms there appear also small, inconspicuous 
species which attain sometimes barely 3 millimeters in size, but their 
impressions are still preserved quite clearly. 

I call attention to another fact which is associated with the same 
evolutionary tendency of insects: Four of the contemporary orders 
(Colcoptcra^ Lepidopfera^ IlyiaienopteTa^ and Diptera) have de- 
veloped particularly rapidly in the geological epoch nearest to us. 
It also appears that just these four orders are particularly rich in 
'<mall forms. This fact tells us clearly that the evolution of forms, 
directed towards a diminution in size of body, leads in insects to a 
rapid development of the orders mentioned. The new forms do not 
crowd the old ones out ; they merely take that which the old ones for 
some reason were incapable of utilizing. On the other hand, in 
those orders like the dragon flies and Orthoptera, for instance, in 
which, by \irtue of some inherent causes, the process of diminution 
de\ eloped slowly, the entire evolution also proceeds in a slow tempo. 
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and some of them are already approachino- the end of their earthly 
existence. 

What cause, then, what factor, started the vertebrates and insects 
on these two diametrically opposite roads of evolution ? What pecu- 
liarity of structure of their organism in one case (in the vertebrates) 
hinders their excessive diminution, admitting at the same time almost 
unlimited external increase, while in the other case (in insects) 
diminution is almost unlimited ^ 

However gi'eat the difference and variation in the body structure 
between vertebrates and insects, still the majority of their organs 
give us no clue to the solution of the problem we proposed. Xeither 
the differences in structure of the alimentary canal, nor of the mus- 
culature, the heart, the nervous system, nor any of the other soft 
internal organs, can explain to us why evolution in the direction of 
such external diminution was possible in insects and entirely inac- 
cessible to the vertebrates. Only on passing over to a study of the 
skeleton do we find in the two gi’oups such sharp, characteristic, and 
common differences Avhich give a key to the understanding of the dia- 
metrically opposite paths of their eA^olution. Saying nothing about 
the chit in of insects which, oAving to its simultaneous hardness and 
elasticity, represents an ideal skeletal material, the A^ery fact of the 
transfer of the skeleton of insects to the surface, the peri f era of their 
bodies, appears, in my opinion, to be the most essential moment which 
determined their eAmlution. 

I will not dwell on the fact that a continuous external skeleton is 
the best means of protection against the inffuence of the external 
medium, wliich is especially important for small forms, since the rela- 
tion of the ciix-umference of their body to its surface is in them 2>ar- 
ticnlarly unfavorable. The purely mechanical peculiarities of the 
internal as well as the external skeleton are of great importance to us. 

In order to explain this question more precisely Ave will turn to 
the accompanying illustration (fig. 1). AboA^e is represented a 
graph of the exoskeleton of, let us say, some extremity, when the 
diameter of the inner area is 4/5 of the outer diameter. Below we 
have two gra^ffis with an internal skeleton arranged along the axis 
of the extremities. If we now turn to the theory of resistance of mate- 
rials, AA^e Avill find there the following data: The modulus (i. e., the 
power) of resistance to bending (and in the given instance it is just 
this form of resistance that interests us) in a solid cylinder, and in 
a hollow one is expressed by the following two formulae : 


W = ^and 


7r(D/^) 

^ 32Dj ■ ’ 


and Ilq are the respective moduli; 

D is the diameter of the cross section of the cylinder; 
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Dj is the outer diameter of the cross section of the hollow cylinder; 
and 

d is the diameter of the cross section of the inner area of the hollow- 
cylinder. 

Utilizing these two formulae we may get, by aid of the most ele~ 
mentary algebraic calculations, which need not be made here, the 
following two interesting conclusions; 

1. If we assume that an extremity with the central skeleton (lower 
left figure) has the same cross section as an extremity with an outer 





B. C. 

yio. 1 . — Graphs of cross sections of skeletons, of limbs for instance. A, exoskeleton with diameter of 
internal area (d>=*=4/5 of the external diameter (D). B and C, endoskeletons. 

skeleton (upper figure), the areas of the cross section of the skeleton 
and muscles being equal in both figures, then the extremity with the 
central skeleton will appear to be almost three times (-2 and 11/15) 
weaker than the one having a peripheral skeleton. 

2. If we calculate the diameter that the cross .section of the central 
skeleton sliould be in order that, with the same outer diameter of the 
extremity, it should be equally .strong in both ca.ses, we will get the 
third figure (lower right figure). It turns out that the skeleton has 
to be colossal : Its diameter must he 81 per cent of the diameter of 
the whole cioss section, so tliat only an in.significant peripheral layer 
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is left for the musculature, which is, of course, especially unsuited 
for a massive, bony skeleton. 

We thus see that in both instances there is a decided and tremen- 
dous advantage in the insect skeleton. It is only, thunks to these ad- 
vantages of their external skeleton, that insects were able to develop 
those small, slender, harmonious, and exquisite forms, the perfection 
of which we so often admire and whither the vertebrates with their 
heavy, clumsy endoskeleton were, of course, unable to follow them. 
And if we add the fact that the exoskeleton represents besides an end- 
less field for the development of purely external characters, then the 
great variation of contemporary insects should no longer surprise us. 
But, of course, these forms could develop only gradually, by means 
of a long and slow evolution, and this is why we do not meet them 
among the early primitive, cumbersome, and clumsy Carboniferous 
^ forms. 

We have reached the end of our thesis. If we now return to the 
question with which we began as to the fundamental cause of the 
opposite direction of the paths of evolution of vertebrates and in- 
sects we will find, it seems to me, but one answer: The cause is, the 
presence in insects of an outer chitinous skeleton, owing to which they 
were in a position, by continuously diminishing the dimension of their 
body, to conquer for themselves an entirely independent place among 
the other terrestrial animals, and not only to conquer it but to in- 
crease in an endless variation of forms and thereby acquire a tremen- 
dous importance in the general economy of nature. Thus their in- 
significance became their power. 




THE PSYCHIC LIFE OF INSECTS.’ 


By E. L. Boi^viku. 


INTRODUCTION. 

The insects are animals which seem to defy onr imagination by 
the strangeness of their forms and the surjorising character of their 
habits. In his “War of the World-/' AVells, the fiction writer, siir- 
2irises us with his belligerent Tripods who sweep down as con- 
querers on our planet, where they exterminate and terrify unhappy 
humanity. This flight of the imagination appears to exceed all 
reason, but how far does it not fall short of that which Xature 
herself provides for our astonishment in the realm of the Articu- 
lates I Here, it is true, we do not meet with Tripods, but the Hexa- 
jiods or Insects have invaded the entire terix'strial domain, where 
they make their power terribly felt; the Octopods or Arachnids 
share this domain both with the Insects and with the ]Myriaj)ods, 
these latter often possessing more than a hundred pairs of legs; 
while in the water swarm the Crustaceans which rival the Myriapods 
in the number of their appendages. And what do the organs with 
which Wells endows his Tripods amount to when compared with 
those which serve as arms or ornaments to a host of Articulates; 
when compared wdth the enormous pincers of crabs and lobsters, 
with the serrated sword-like beak which projects from the forehead 
of shrimps, with the wonderful trocar at the end of the abdomen in 
female Hymenoptera, with the overgrown horns which rise from the 
head and thorax of not a few Scarabaeids, with the many spines brist- 
ling on the body of the thorny spiders, or with the exceedingly 
elongated legs which give to the Myriapods of the genus Scutigera 
their swift gait and terrifying aspect? 

The habits of these animals are just as puzzling as their shapes. 
What is the meaning of the horrible courtship of spiders and man- 
tids, where the female's response to the embrace of her mate is canni- 
balism ? What must we thinlv of the predatory wasps which paralyze 
with dagger thrusts the victims intended for their larvae? What of 
the Brachoniils and Ichneumons, which depo^^it their eggs either on 
or in the body of other insects? '\Wiat. above all, mw^t we think of 

‘ A translation by pe^mi<^ion of the Introduction and Conrlusb>ii of •• La vie p^ychique 
des Insectes,” by E. L. Bouvier : pubUsbod by E. ITammariun, I’aris. 
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the larvae issuing from these eggs and scientifically devouring their 
host, taking pains to leave intact imtil the very last his most yital 
organs? The orb-weaving spiders have no peers in the art of weav- 
ing. They know how to fasten marvelously regular webs between 
the branches of trees, how to pass over rivers on bridges of floating 
threads, and, when still young, how to use similar threads to take 
flight through the air as real aeronauts. The sacred Scarab fashions 
into a pear-shaped ball the oily dung of sheep and into a perfect 
sphere of foodstuff the coarse excrement of horses ; and certain wasps 
of the genus Eumenes mold tempered earth into pottery of the 
most charming design. Face to face with these phenomena which 
surprise him, man wonders and tries to understand, but especially 
does he endeavor to protect himself against these strange creatures 
among which he finds more enemies than aids; prolific and multi- 
form the minute Phylloxera has succeeded in destroying his vine- 
yards; voracious and migratory the bulky locusts advance in num- 
berless legions to lay waste his crops ; various flies and gnats sting 
iind infect his cattle. And he himself does not escape the virus 
secreted by these terrible pests; mosquitoes threaten him with ma- 
laria in the vicinity of marshes and the Glossinas with sleeping sick- 
ness in the damp and shady jungles of the African tropics; fleas 
bring him the germs of plague, and filthy lice that of the typhus 
fever which claimed so many victims in the East at the beginning 
of the present war. 

What a contrast with the vertebrates, which form the other high- 
est point of the animal kingdom ! Xo doubt among the latter there 
exist cruel and voracious species; some of them are openly hostile 
to us, and many are remarkable for their instincts and their skill. 
But where do we find the excessive variety of forms and the oddity 
of habits wliich are the heritage of the Articulates ? Georges Maeter- 
linck gives us a poetic version of this striking contrast : The insect,” 
he says, does not belong to our world. The other animals, even the 
plants, notwithstanding their mute existence and the gi'eat secrets 
which they jealously guard, do not seem wholly strangers to us. In 
spite of everything we have a certain feeling of terrestrial kinship 
with them. They may surprise, nay, astonish us, but they fail to 
upset the very foundations of our concepts. The insect, on the other 
hand, displays something that seems incongruous with the habits, 
the morals, the psycholog^^ of our globe. Apparently it conies from 
another planet, more monstrous, more vigorous, more demented, more 
atrocious, more infernal than ours. Vainlv does it .,eize upon life 
with an authority and a fecundity iinequaled here Ixdow; we can not 
accustom ourselves to the idea that it is part of the scheme of that ' 
nature of which we fondly believe ourselve> to be the favorite chil- 
dren. ith thi^) amazement and this failure to understand is mingled, 
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no doubt, a certain instinctive and profound feeling of dread im- 
parted by these beings so incomparably better armed and equipped 
than ourselves, these containers as it were of compressed energy and 
activity’ which we vaguely feel to be our most mysterious enemies, our 
final competitors, and perhaps our survivors.” 

Everything concerning these animals is surprising, even when, in 
the present stage of their mental evolution, they seem to come near 
us and to engage in activities, such as we frequently observe among 
the social species, which might well be considered as human. We are 
perplexed at the foresight of harvesting ants, at the care other ants 
take of their herds of plant lice, at the horticultural skill of the 
fungus-growing species and at the specialization of labor which 
reduces certain workers among the Myrmecocysts to the condition of 
honey-pots. We prize so highly all our own aptitudes as to believe 
that they are unequaled, even when inspired by the least commend- 
able motives. Though bellicose ourselves, we think it strange that 
beehives or ants-nests should engage in warfare. At times we re- 
vert to barbarism by reducing our enemies to slavery, yet we exclaim 
with surprise at the habits of slave-making ants. 

It is the fact that these wonderful analogies are well calculated to 
emphasize the contrast between the world of the Articulates and our 
own. We feel that the psychic evolution of these animals is no less 
peculiar than their structure, and that they are never so widely 
separated from us as when they appear to resemble us most closely. 
The old anthropocentric school has passed away; we no longer at- 
tempt to understand insects by comparing them to man, we rather 
try to grasp the mechanism that allows these animals to evolve men- 
tally and to develop modes of action which appear human. 

Such was our object in writing this book. The sources from which 
we could draw in compiling this work were numerous, but we have 
not made use of them all, because many are lacking in the required 
scientific accuracy. Moreover, ever since the work of Loeb and Jen- 
nings research in animal psychology" has been directed along a 
fruitful path, where we ourselves were happy to follow the foot- 
steps of these biologists and their many disciples, such as Bohn, 
Pieron, Eouband, Turner, etc. Much attention has been paid also 
to the work of biological observers from Eeaumur (Memoires pour 
servir a lliistoire des Insect es) to Fabre (Souvenirs Entomologiques) , 
where abundant information may be gleaned on every page. In 
this company, where France occupies such an honorable place, we 
wish to call especial attention to Commander Ferton, whose work is 
remarkably rich and exact. To my dear pupil, George Bohn, special 
acknowledgment is due for the value of his numerous papers and 
for the originality of his two books, ^^Xaissance de ITntelligenco,” 
130650°— 20 no 
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and “ Xouvelle Psychologie Aniiiiale,'’ as well as for the material 
contributed by him toward the ^preparation of the present study. 

CONCLUSION. 

In ordinary speech, the word “instinct*' stands for all the hered- 
itary and automatic revelations of activity, from simple tropisms 
to the most complicated outward manifestations of individual mem- 
ory. Instinctive acts are stereotyped, being ever the same when re- 
sponding to stimuli of tlio same nature, and almost always adapted 
to their object, although not resulting from previous experience on 
the part of the individual. To define them more precisely is im- 
possible, for they are varied and complex, overlapping one another 
and often becoming so confused as to render difficult the tracing of 
their limits. Nevertheless, we should not place them all on the same 
level and attribute to them all a common origin. Tropic reactions 
are due to the properties of living matter, rhythms presuppose an 
organic memory, and hence a period of education, ancient or recent ; 
but this apprenticeship is pui'ely mechanical and dependent upon 
the stiiiiuli that produce it. 

Apprenticeship has it-s paid also in those manifestations of mem- 
ory belonging to the species which play such an important paii: in 
the behavior of articulates. This kind of memory presents a chai’- 
acter of distinct superiority, inasmuch as it was made effective for 
the race by the distant ancestors of the individual in the guise of a 
choice between the various possible responses of differential sus- 
ceptibility. Choice, of a remarkably intellectual nature, is even more 
noticeable in tlie instinctive manifestations of individual memory. 
The animal, endowed with well-developed senses and nervous sys- 
tem, not only reacts to new neceSvsities by new acts, but associates 
the stored impressions of new sensations and thereby appropriately 
directs its further activities. Thus, by an intelligent process, new 
habits are established, which by lieredlty become paid of the patri- 
mony of instinct, modifying the latter and constituting elements es- 
sential to its evolution. Of these instincts acquired through an in- 
telligent apprenticeship Forel was led to say that they are reasonin<r 
made automatic, and it is to them paidicularly that we may applv 
the idea of certain biologists that instincts are habits which have 
become hereditar}^ and automatic. Probably all superior instincts 
at first had this intellectual (pudity. This ceidainly is tnie of all 
such as originated from more or loss slowly acquired habits: it seems 
to be the rule as wtII with indincts duo to niiitations. It stands to 
reason that, whether they result from a sudden psychic change or 
from a sudden organic modification, the-e indincts must always h(‘ 
preceded by some intelligent period of education, during which they 
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become j^erfected, in order to be handed on to 2:>osterity and to assume 
the character of true instincts. 

Here, then, we are confronted with several classes of instinctive 
acts, which differ not only in orijrin but also in intellectual char- 
acteristics. Xo doubt they are linked together by many intermediate 
manifestations, and in the animals with which we are now concerned 
they often blend the one with the other or even with the reflexes, on 
account of the j^rofound differentiation of nervous and sensorial cen- 
ters. It is, nevertheless, very difficult to consider them as manifesta- 
tions of a special faculty which we would fain place on the level of 
intelligence by calling it instinct. The name instinct justly applies 
to certain forms of activity which are innate and automatic, but these 
forms 2>roceeded in diverse Avays from the a ital energy which is the. 
source of all organic activity, and the highest of them, Avliich are at 
the same time the most striking ones in the animals here studied, were 
originally acts more or less requiring the exercise of true intelligence 
on the part of species and individual. Intelligence has no part in 
the develotnnent of the instinct that draAvs nocturnal Le2>ido2)tera 
toward the light, nor has it doubtless anything to do Avith the rhythms 
through which organic memory manifests itself. But intelligence it 
is that regulates by appropriate selection all manifestations of race 
memory : intelligence again, in the sundry forms of association and 
indiA'idual memory, that puts together the most comtilicated mech- 
anisms of instinct. 

Instincts are of various kinds. If, by the word instinct we under- 
stand not any one S2)ecial faculty, but the conqflex of all the in- 
stincts, namely, the innate automatism regardless of its origin, we 
can say Avith Bergson that instinct and intelligence “ are not tilings 
belonging to one and the same order,*’ that they diA^erge in direct 
ratio of their dcA^elopment,’' but that they neA’er become comtiletely 
separate.** They are both ” otiposites and conqilemcnts '* and they 
assi>t one another. On the one hand, indeed, the most perfect in- 
stincts of tlie insects are acconqianied by certain gleams of intelli- 
gence, l^e it only in the choice of place, time, or material of construc- 
tion. When, by exception, bees build their nest in the open, they in- 
A'ent arrangements which are ncAv and in the time sense intelligent 
to meet the neAv conditions. On the other hand, intelligence has still 
more use for instinct than instinct has for intelligence, since the 
ability to Avork np raw material presupposes in the animal a 'supe- 
rior grade of organization, to AAdiicli it could have arisen on the Avings 
of instinct only.*’ Before such CAudence as this Fai)re was forced 
to modify his theory of immutahle iii'-tinct. By itself, more in- 
stinct,*' says he, ** Avoiild leave the insect disarmed in the ixwpt^tual 
(onflict of circumstances. A gruide i^ needed in the mid-t of this 
beAvildering melee. That the iii-cct has such a guide is evident to 
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a high degree. This is the second domain of its psychic powers. 
Here it is (*onscions and susceptible of perfecting by experience. As 
I dare not designate this rudimentary aptitude by the name of intel- 
ligence, a title too noble for it, I shall call it (Uscernment P But is 
discernment in this sense not really a form of intelligence? 

Such is the measure in which instinct and intelligence are combined 
in animals. If, following Bergson, we admit that consciousness “ is 
proportional to the power of selection at the animal’s disposal,” it 
will be quite e\ddent that consciousness must be particularly ob- 
scured in all purely instinctive acts, but that on the contrary it must 
accompany all intelligent acts. Bergson, however, regards conscious- 
ness in a peculiar light, since he considers it as life projected through 
matter,*’ as the common source from which sprang in different direc- 
tions both instinct and intelligence. This view leads us away from 
the commonly accepted theory that consciousness must be considered 
as that inmost luminary which enlightens our actions. It is possible, 
even probable, that this kind of consciousness exists to a greater or 
lesser extent in the animals. However, we can not know anything 
about it, and we believe with Ed. Claparede that “ the science of 
animal psychology may and must scrutinize the problem of the 
greater or less intelligence of animals without being concerned about 
their consciousness.” 

We discern intelligence in its simplest expression wherever we 
notice a choice between the various alternatives offered by circum- 
stances, and in one of its highest forms wherever we observe that 
power of invention which, according to Bergson, enables the human 
race to manufacture artificial objects, more particularly to make 
tools with which to make other tools and to vary their fabrication 
indefinitely.” These two extreme forms are naturally connected by a 
series of links, and we know that the one as well as the other plays a 
part in the behavior of Articulates. The latter of the two seems, 
however, to be rather exceptional in our gi'oup, showing itself only 
in the primitive state consisting of the use of foreign bodies as im- 
plements. The tool used by Arnmophila imuirla is a small stone with 
which the female rams and packs the dirt that closes her burrow. 
With certain ants of India {OecophyUa smantgdirut) and of Brazil 
{Camponofm texter) the instrument consists of the larva of the 
species itself. Held between the mandibles of the workers, these 
larvae by means of their thread glue and fasten edge to edge the 
leaves of which the nest is constructed. The implement of the crabs 
of the genus Melia, in the Indo-Pacific seas, is supplied by a delicate 
sea-anemene. This is hebl IhIwihui the pincers of the animal, which 
probably uses the nettling exndatioiis to paralyze its prey. 

Facts of this nature* are rare in the world of Articulates, but they 
have an important .ijrnificancp. Tlie use of the little stone is not jk 
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a fixed habit with Aiamophila it belongs only to certain in- 

dividuals more highly endowed than others and is perhaps only 
accidental even with them. Maybe it will finally pass into the in- 
stinctive habits of the species; for the present it belongs to the 
domain of individual intelligent acts. The crabs of the genus Melia 
are already farther advanced, all the species carry anemones and all 
exhibit a curious modification of the pincers, the fine teeth having 
become elongated and needlelike so as to give them a better hold 
on their guest and tool. That they are adapted to the latter is evi- 
dent, yet this adaptation is not such that the crab is likely to be in 
serious danger when it has not its Actinia. Many of the Melias 
brought back by explorers are not provided with anemones, and we 
may believe that the presence of thib implement guest is not yet of 
vital importance to the species of this peculiar genus. The case of 
the ants which use their larvae as needles is quite different. With 
them this singular habit is innate and specific. Though probably 
acquired through intelligent acts, it now belongs entirely to the 
domain of instinct in the species among which it prevails. And thus 
Ave always come back to that predominating fact of the psychologi- 
cal history of Articulates, namely, the transformation of intelligent 
acts into instinctiA^e acts. The folloAving considerations formulated 
by Bergson eminently apply to this gi^oup : 

Among animals, invention is never more than a variation on the theme of rou- 
tine. Locked up as it is within the habits of its species, the animal succeeds 
no doubt in broadening these by individual initiative ; but its escape from autom- 
atism is momentary only, just long enough to create a new automatism; the 
gates of its prison close as soon as they are opened ; dragging the chain merely 
lengthens it. Only with man does consciousness break the chain. 

Man occupies the topmost place in the scale of a ertebrates, for, 
breaking the bonds of instinct, he insures thereby the complete ex- 
pansion of his intellect. Insects, especially Hymenoptera, hold the 
same dominating position in the scale of Articulates, where they are 
the highest achievement of instinctiA^e life. These two groups repre- 
sent the actual extremes of the tAvo paths followed by psychic ca elu- 
tion in the Animal Kingdom; the articulates are going toward in- 
stinct, the vertebrates toward intelligence. These two courses are 
quite opposite, but why haAe they diA’erged? At the beginning of 
their eA olution, during that far distant epoch Avhen they v/ere dif- 
ferentiating along four main lines (Echinoderms, Molluscs, Articu- 
lates, and Vertebrates), animals were threatened by a great danger — 
^‘an obstacle,” says Bergson, “that doubtless almost checked the 
progress of animal life. There is a peculiarity Avhich we can not helj) 
being struck by Avlxen we glance at the Paleozoic fauna. The mollusks 
at that time were more uniA^ersally provided with shells than those 
of to-day. The arthropods in general Avere provided aa ith a carapace. 
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The oldest fishes had a bony covering of extreme hardness.” But 
‘’‘^the animal which is shut in a fortress or in a coat of mail is con- 
demned to an existence of half-sleep. It is in this torpor that the 
Eehinoderms and even the mollusks are living to-day. The Arthro- 
pods and Vertebrates escaped from it, and on this happy circum- 
stance depends the present development of the highest forms of life, 

'‘In two directions, indeed, do we see the impulse of active life 
regaining the upper hand. The fishes exchange their ganoid armor 
for scales. Long before them the insects had made their appearance, 
having also rid themselves of the armor that once protected their 
ancestors. In both groups the inefficiency of the protective envelop 
was compensated for by a nimbleness that enabled them to escape 
their enemies and also to take the offensive and to select the place 
and time of the encounter.” 

These remarks rest on a solid foundation, but they should be 
modified in one particular which is of paramount importance in the 
explanation of the structure and the special psychology of the Ar- 
ticulates. These animals have never lost the chitinous armor that 
protected their primitiA^e ancestors. They haA^e preseiwed it in its 
entirety and Avith greater or less thickness. Coleoptera, crabs, scor- 
pions, and thousand-legs of our times are by no means inferior in 
this regard to the ancient forms from which tliey are descended. 

As a matter of fact they are coAered to-day as in times of yore, 
with an external skeleton of chitin. That is Avhy Edmund Perrier, 
in his desire to emphasize their dominant character, has called them 
Chitinophores. To escape imprisonment Avithin their protective en- 
velope, to acquire the flexibility and mobility necessary to their evo- 
lution, they underwent certain superficial modifications. These con- 
sisted in the dAision of the armor into se\Tral ]Aieces bv means of 
articular lines, along Avhich the chitin is le-s thick than elseAvhero, 
thus allowing the pieces to moA^e one upon the other. This is the 
A'cry way in which they became t*f ritcs^ at once acquiring ajrilitv^ 
without losing their protective cover. Xaturally such joints were 
formed wherever the several segments, arranged in a row and con- 
stituting the body of the animal, came together. As a result, these 
segments acquire a certain independence and their uniformitv is to 
a certain extent preserA^ed. Indeed. Ave see that manv Articulates 
pos-e^s a pair of appendages on each segment (’Myriapods and the 
majority of Crustaceans) and that the insects most remote in this 
regard from the primitive types are still provided Avith seven pairs 
of appendages (one pair of antennae, three pairs of buccal append- 
ages and three pairs of legs) not to speak of the modified or rudi- 
mentary organs to be seen on the different ]n\vt< of the abdomen. 
And the chitinous envelope of these appendages lui< broken into 



PSYCHIC LIFE OF INSECTS BOUVIER. 


459 


joints in the same manner in which the body itself became annulated. 
Hence the name of Arthropods often given to articulate animals. 

What a difference from the vertebrates. Their skeleton becomes an 
internal framework. The organism is thus allowed to attain gTeater 
dimensions ; the segments are able to f UfeC to a greater degree and to 
lose more or less their independence ; all of which results in the re- 
duction of the number of limbs to only two pairs. 

Now, the relative independence of the segments and the multi- 
plicity of the appendages have as a corollary the differentiation of 
these structures, each of which plays a special part in the organism. 
As Bergson remarks, the various appendages of Articulates are as it 
were natural implements, which differ from each other in structure 
as well as in function. Their specialization may be carried so far 
as to have each part of a single organ perform a separate function. 
This is clearly seen in the bee, in which the first tarsal joint of the 
bind legs is transformed into a bru-h, the tibia into a pollen basket^ 
while the two joints, by the contact of their edges, act as pincers 
which take up the flakes of wax secreted under the abdomen. It is 
an admirable instrument wonderfully adapted to the performance 
of its particidar tasks. As a general rule, apart from the changes 
which they may undergo in the course of specific evolution, the ap- 
pendages of arthropods are unchangeable in the individual and are 
narrowly adapted to certain purposes; they are the tools for instinc- 
tive work, and in this they differ from the less specialized but more 
generally u>eful limbs whitli serve as implements to the vertebrates, 
at least to the higher vertebrates. With these latter, as Bergson 
expresses it, the two pairs of limbs perforin functions much less 
strictly dependent upon their form,'" acquiring complete independ- 
ence in man, ** whose hand can do any kind of work."’ 

It seems, then, that the extraordinary preponderance of instinctive 
activity among the Articulates has as its essential reason the differen- 
tiation and the multiplicity of the ai^pendages, in other words, the 
chitinization of the integument and the formation of joint lines which 
results from it. From the beginning these animals were doomed 
to use organic instruments, and they made the best use possible of 
these. Their main psychical task consisted in engraving upon their 
memory and in instinctively repeating the acts to which these organs 
were adaptable. 




SEXI'AL SELECTION AND BIRD SONG/ 


By Chauncey J. Hawkins. 


The j)hice of song in the life of the bird has since the daj’s of Darwin 
been a question of dispute between the scientists. Darwin was the 
first to deal with bird song in a satisfactory, philosophical manner. 
He formulated the theory of sexual selection, which down to the pres- 
ent day is still held by many ornithologists to be the most satis- 
factory explanation of the use of song as well as the best explana- 
tion of its evolution. He maintained that the males possess- 
ing the best song would naturally l)e the choice of the females, and 
that the song characteristics which had made a male the choice of his 
mate would naturally be handed on to his offspring — in other words, 
would become secondary sexual characters. This Darwin called sex- 
ual selection in distinction to natural selection, whose operation had 
a wider scope. 

To do Darwin justice, we should state the theory in his own lan- 
guage. Sexual selection “ depends on the advantage which certain 
individuals have over others of the same sex and species solely in 
respect of reproduction.'’ ^ cases where the males have 

acquired their present structure, not from having transmitted this 
advantage to their male offspring alone, sexual selection must have 
come into action.” * * * slight degree of variability, lead- 

ing to some advantage, however slight, in reiterated deadly contests, 
would suffice for the work of sexual selection.'' * * * So too, on 

the other hand, the females have, by a long selection of the more 
attractive males, added to their beauty or other attractive quali- 
ties.” ^ ^ ^ If short time give elegant 

carriage and beauty to his bantams, according to his standard of 
beauty, I can see no reason to doubt that female birds, by selecting 
during thousands of generations the most melodious or beautiful 
males, according to their standard of beauty, might produce a marked 
effect.” “It has been shown that the largest number of vigorous 
offspring will be reared from the pairing of the strongest and best 
armed male^, victorious in contests over other males, Avith the most 
vigorous and be-t nourished females, Avhich are the fii*st to breed in 
the spring. If such females select the more attractive, and at the 

'Repriutod hy permission from the Auk. vol. xxxv, No. 4, October, 1918. 
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same time vigorous male^, they will rear a larger number of offspring 
than the retarded females which must pair with the less vigorous and 
less attractive males. So it will be if the more vigorous males select 
the more attractive, and at the same time healthy and vigorous 
females; and this will especially hold good if the male defends the 
female and aids in providing food for the young. The advantage 
thus gained by the more vigorous pair in rearing a larger number of 
offspring, has apparently sufiiced to render sexual selection efficient.” 

Wallace was the first critic of the sexual selection theory. He 
admits the display of gorgeous colors, the antics and songs of 
the male bird before the female, as fully demonstrated by Darwin, 
but he says, '' it by no means follows that slight difference in the 
shape, pattern, or colors of the ornamental plumes are what lead a 
female to give the preference to one male over another; still less that 
all the females of a species, or the gi^eat majority of them, over a 
wide area of country or for many successive generations prefer 
exactly the same modifications of colors or ornament.” Thus he 
rules out the idea that the female makes a conscious choice of the 
male most highly colored or who is the best singer. But this does 
not de-troy the idea that there may be an unconscious choice. Indeed, 
Wallace seems to admit this possibility when he says, '*As all the 
evidence goes to show that, so far as female birds exercise any choice, 
it is of the most ' vigorous, defiant, and mettlesome ' males, this form 
of sexual selection Avill act in the same direction (as natural selec- 
tion), and help to carrv" on the process of plume development to its 
culmination.” If this dioice exercised by the female is unconscious 
rather than con^ciou^, Darwin's theory is not vitally affected. All he 
is anxious to demonstrate is that the most vigorous bird succeeds in 
winning the most desirable mate, however the choice may be made, 
and if lie succeeds in this the bird may pass to his offspring his own 
<*haracters which in succeeding generations will become permanent. 

But lA allace goes deeper in his criticism than the mere matter of 
choice. He attributes the origin of song to natural selection rather 
than to sexual selection. Darwin begins with sober colors and 
attributes the gay colors of the males to selection on the part of the 
female. AAhdlace starts with the gorgeous colors and declares that 
the gray colors of the females are due to natural selection. Bright 
]ilumage would render the mother bird sitting on her nest con- 
-^picuous and make her the easy prey to hawks and other natural 
ciuMiiies. Hence all the highly colored females, through generations, 
ha\e been destroyed, only the more sober colored birds remaining. 


The original hrierhtness has l)een forfeited by the sex as a ransom for life. 
1%‘iuale hir.K in nests are similarly colored like their surnmndinsrs : while 
sexes^"^ \\here the n(‘sts are domed or covered, the nlumage is ^ay in both 
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The same princii)le of natural select iou may be attributed to tlic 
call of birds. *'These are evidently a valuable addition to the 
means of reeoonition of the two sexes, and are a further indication 
that the pairing season has arrived : and the production, intensifica- 
tion, and differentiation of these sounds and odors are clearly 
within the power of natural selection. Tlie same remark will apply 
to the peculiar calls of birds, and even to the singing of the males. 
These may well have originated merely as a means of recognition 
between the two sexes of a species and as an invitation from the 
male to the female bird. AVheu tlie indi\dduals of a species are 
widely scattered, such a call must be of great importance in enabling 
pairing to take place as ea>ily as }}Ossible and thus the clearness, 
loudness, and individuality of the sotig becomes a useful character, 
and therefore the subject of natural selection.” 

The increase and development ot beautiful plumage is caused 'by 
the superabundant energy of the male bird. 

Durini; ex<ateniouc and when the orcainism develops superabundant energy, 
many aaiiaais find it picnsnrabie to tbvir \'ari')Us nin<5cles, often in 

fantastic ways, as seen in the gainboL's of Kittens, lambs, and other young ani- 
mals. But at the time of pairing male birds are in a state of the mo^t perfr<*t 
development, and po^^.x^s^; an enoi-nious store of vitality, and under the excite- 
ment of the sexual j>assiun they perform strange antics (u* rapid flights, as much 
probably from the internal* impulse to motion and exertion as with any desire to 
please their mates. 

So, also, "uhc act of singing is evidently a pleasurable one. and it 
probably serves as an outlet for superabundant nervous energy and 
excitement, ju-t as daiicijig. singing, and field s[)orts do with us." 
If superabundant vigor can account for the sijiig's and ornaments of 
birds ''then no other mode of selection is needed to account for the 
presence of such ornaineut." 

Brooks attacks tlie theory of Wallace that the duller colors of ' 
the female are acquired by natural selection. Thus there is found 
a ditlereace in the colors of lizards where the female does not 
incu})ate and does not require the duller colors for the puiqTose of 
protection. In domestic fowl where danger from natural enemies 
is almost nothing the same difference in tlie color between the male 
and female continues. Thus the explanation is more fundamental 
tliaii the one pro2:)osed bv either Darwin or Wallace. Brooks bases 
liis explanation upon a theory of heredity wiiidi supposes that the 
body gives off gciumules and tliat “tlie male reproductive cell has 
gradually acquired, as its sj^ecial and distinctive functiun, a peculiar 
power to gather and store up these geiiimules." The male cell, 
therefore, has acquired the ])ow'er to transmit variation while the 
female cell keeps up the (‘onstam-y of tlie species. ^'We thus look 
to the cells of tlie male body for the origin of most of the variations 
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through which the species has attained its present organization.*’ 
Darwin said that the plumage and song of the male bird were traus- 
iiiitted by the selection on the part of the female of the gayest bird 
and the best singer. Brooks goes deeper and finds the cause for 
these secondary sexual characteristics in the power of the male cell 
to transmit the variations. He does not deny that the female may 
choose the best singer but affirms that the male must lead in varia- 
tions from his very nature. 

Geddes and Thompson carry forward still further the criticism 
of Wallace and Brooks. Wallace accounts, on the theory of 
natural selection, for the dull 00101*8 of the female and for the more 
brilliant colors and song of the male. Darwin on the other hand 
rivets his attention upon the gorgeous colors, the plumes, combs 
and wattles of the male, accounting for them by the theory of 
sexual selection but fails to tell us why the same process does not 
brighten up the coat of the female. The mere statement of the 
position must make it clear that there is some deeper cause than 
that discovered by either Darwin or Wallace, some internal factor 
much more powerful in its operation than any external cause. 
Geddes and Thompson finds this in the essential difference, be- 
tween the sexes. The females incline to passivity, the male to ac- 
tivity."' The female cochineal insect spends much of its life like a 
mere quiescent gall on the cactus plant. The male, on the other hand, 
in his adult stage is agile, restless, and short lived.” So with the 
other insects and other animals. The male is more active, while the 
female is passive. 

For completeness of argument, two other facts may here be simply men- 
tioned: (a) At the very threshold of sex difference we find that a little active 
cell or spore, unable to develop itself, unites in fatigue with a larger more qui- 
escent individual. Here at the vei*y first is the contrast between male and 
female. (?>) The same antithesis is seen when we contrast the actively motile, 
minute, male element of most animals and many plants with the larger pas- 
sively quiescent female cell or ovum. 

To the above contrast of general habits two other items may be added on 
which accurate observation is still unfortunately very restricted. In some 
cases the body temperature, which is an index to the pitch of life, is distinctly 
lower in the females, and has been noted in cases so widely separate as the hu- 
man species, insects, and plants. In many cases, furthermore, the longevity of 
the female is much greater. Such a fact as that w^omen pay lower insurance 
premiums than do men, is often popularly accounted for by their greater im- 
munity from accident, but the greater normal longevity on which the actuary 
calculates, has, as we begin to see, a far deeper and constitutional explanation. 

The agility of males is not merely an adaptation to enable that sex to exercise 
its functions with relation to the other, but is a natural characteristic of the 
constitutional activity of maleness*, and the small size of many male fishes is 
not an advantage at all, but simply again the result of the contrast between the 
more vegetative growth of the female and the costly activity of the mule. So, 
brilliancy of color, exuberance of hair and feathers, activity of scent glands, 
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an<l even the development of weapons eaii not be satisfactorily explained by 
sexnal selection alone, for this is merely a secondary factor. In origin and 
continued development they are outcrops of a male as opposed to a female con- 
stitution. To sum up the position in a paradox, all secondary sexual charac- 
ters are at bottom primary and are expressions of the same general habit of 
body (or to use the medical term, diathesis), as that which results in the pro- 
duction of male elements in the one case, or female elements in the other. 

This essential difference between the two sexes which expresses, 
itself in differences of plumage and song is further emphasized by 
the facts, first, that many of the secondary sexual characters ap- 
pear only at sexual maturity. Thus some of the male birds are dull 
colored when young like the female and acquire the brighter colors 
only on full development. Again, when the sex organs are removed 
by castration, the male ornaments or weapons of battle disappear. 
In cattle castration reduces the size of the horns, and after castra- 
tion of the stag he never renews his antlers. 

In the case of young cocks the effects of castration are very vari- 
able, sometimes increasing, sometimes decreasing the secondary sex 
characters. One result is clear, however, that the whole body is 
affected ; the larynx is intermediate in size between that of cock and 
hen, the syrinx is weakly developed and the capons seldom crow or 
do so abnormally, the brain and heart are lighter in weight, fat ac- 
cumulates in the subcutaneous and subserous connective tissues, and 
the skeleton shows many abnormalities. 

The conclusion seems inevitable that neither Darwin nor Wallace 
reached the root of this matter. ^"The males are stronger, hand- 
somer, or more emotional, simply because they are males; i. e., of 
more active physiological habit than their mates.’' This view does 
not wholly eliminate either natural or sexual selection. These may 
be limiting, and, in a sense, directive factors, but it is fundamentally 
the nature of sex which determines the gay color or the vigorous song. 

To complete our review of this controversy which has been waged 
between ornithologists, we must record some of the more recent dis- 
cussions of the Darwinian theory of sexual selection. Hudson says : 

The result of such independent investigation will be u conviction that con- 
scious sexual selection on the part of the female is not the cause of music and 
dancing performances in birds, nor of the brighter colors and ornaments that 
distinguish the male. It is true that the female of some species, both in the 
vertebrate and insect kingdoms, do exercise a preference ; but in a vast majority 
of species the male takes the female he finds, or that he is able to win from 
other competitors ; and if we go to the reptile class we find that in the ophidian 
order, which excels in variety and richness of color, there is no such thing as 
preferential mating; and if we go to the insect class, we find that in butterflies, 
which surpass all other creatures in their glorious beauty, the female gives her- 
self up to the embrace of the first male that appears, or else is captured by the 
strongest male, just as she might be by a mantis or some other rapacious insect. 
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He accounts for the singing of birds by the abounding energy of 
birds. 

We see that the inferioi- animals, when the conditions ot life are favorable, 
are subject to periodical lits of j^ladness, affecting them p(>werfully and stand- 
in.^^ out in vivid contrast to their ordinary temper. And ve know what this feel- 
iujt is — this periodic intense elation which even civilized man occasionally ex- 
periences when in perfect health, more especially when yoiin^ir. There are ino- 
uients when he is mad with jey, when he can not keep still, when his impulse i'i 
to sin.ir and shout aloud and laimh at nothin, ct, to nm and leap and exert himself 
in Some extravagant way. Among the heavier mammalians the feeling is mani- 
fested in loud noises, bellowings ami screamings, anil in iiiinbering, nnconth 
motions — throwing up heels, pretended paaiics, and ponderous uRX'k battles. 

Tliis is simply a repetition of Herbert Spencer's surplus-enei’gy 
theory, which was ba^ed on the earlier theory of Schiller, who in his 
letters On the ^Esthetic Education of ^lankiiid wrote: 


Nature has indeed granted, even to the creariire devoid of reason more than 
the mere necessities of existence, and into the darkness of animal life has 
allowed a gleam of freedom to penetrate here and there. When hunger no 
longer torments the lion, and no beast of prey ax»pears for him to light, ihoJi 
his unemployed power finds another outlet. He lills the wilderness with his 
wild roars and his exuberant strength spends itself in aimless activity. In the 
mere joy nf existence, insects swarm In the sunshine, and it is certainly not 
always the cry of want that we hear in the melodious rliythin of bird songs. 
There is evidently freedom in these manifestations, hut not freedom from all 
necessity. The animal works when some want is the motive of his activity, 
anil plays when a snperal)undance of energy forms his motive when overtlowiug 
life itself urges him to action. 


It is too superhcial a theory to satisfy the modern mind. We are 
compelled to ask the question, why does the male bird have more 
r>urplus energy than the female^ Tlii-^ (pie^tioii throws u:? back to a 
consideration of the fundamental ditfereiice between the male ami 
the female. There is only one answer to that <iuer-tioii. The male 
sings more vigoj-ou^ly because lie i^ a male, in other wonls because 
there is some fundamental dilference between the sexes. 

Karl (ircKjs has contributed one very serioiH modification of the 
Darwinian theory which has not been git en suilident consideration 
by ornithologists, namely, that the song and antics of the male bird 
are not for the purpose of coinpellimr her clioice by the female but 
to overcome ami break down her instinctive coyness, Xature luis 
given the female coyne-s as a dam to nature's impul-e> to prevent 
the too early and too fre(pient yieddiug of tlu* -(‘xual impul-e.'’ A 
high degi'ee of t‘Xcltement is iicce^-a!y to break thi^ down ami hence 
the necessity for all tlie vigoroiN and antic- of the male. 

I am confident that thi- theory i- do^iined to find wdder accept- 
ance in the future than it ha- in tla^ pa-t. imleed, that a large part 
of the song of bird- befoiv the iicHinrr .^^ason i^ for the pui-post. o'* 
breaking down tlie reluetaiice of tlie female rather than conqiellinL- 



BIED SOi^G HAWKT:N^S. 


467 


her choice of a particular male. At Bakersfield. California, I spent 
an hour watching a male flicker sitting on a small limb a foot or 
more above his mate, while both birds Avent through motions that 
were interesting and at times almost ludicrous. The proud male 
would extend his head in a line with his body, then turn both body 
and neck fii*st to one side and then the other, like a weather A^ane 
hung on a central shaft, at the same time jerking his head back and 
forth in a sort of kick-up motion, and pouring out all the time a 
quick succession of notes which might be represented by the words 
‘‘ pick-up, pick-up, pick-up,” closing the Avhole performance by a 
right about face, Avhen he Avould rest a minute and repeat the 
process. His less gaily colored mate was not so vigorous in her 
antics as her proud lord nor did she indulge in them so frequently 
but it was evident that he was making his impression and >he could 
not refrain from expressing her feelings. I was certain that these 
birds had iiiated their lives for better, for worse.” Hence the 
love song could not have been for the purpose of mating, but to 
turnish the necessary excitation to make productiA^e the season that 
was at hand for the reproduction of their race. Tliere is no other 
explanation that can be giA^en for birds alread}^ mated, unless it be 
that of the oA'erflow of superabundant energy and this is too super- 
ficial an ex 2 ilanation for the deep laid jilans of mother nature. Were 
this the only cause for the songs and antics of birds the mere overfloAV 
of nature might never terminate in anything or it might lead to lui- 
regulated abubC. But nature protects and regulates her ways by 
safety a ab^es, of Avhich the reluctance of the female is one, and this 
must be overcome before the reiiroductive jirocess can become 
effective. 

This A ieAT seems to be strengthened by the fact that the display 
of song and antics is used by xiolygamous birds and animals as Avell 
as by those which mate for the season or for life. The rooster Avith 
his harem about the barnyard is just as a igorous in his performances 
as the bird Avhich is devoted to his single mate. The doe in her 
breeding time calls to the buck, Avho rushes to her side, tlien she, 
'^lalf in coyness, half in mischief, takes to flight at his eager a]3- 
proach, makes toAvard an oj^en space, and runs in a circle. The buck 
naturally folloAvs, and the chase grows hot and exciting as a race 
of horses on a track. To the frequent high calls of the fleeing doe 
are added the deep, short cries of the panting Imck: but suddenly 
the roguish doe disapjiears like a nymph into the thicket near at 
hand, and the baffled buck stands Avith head erect and ears throAvn 
forward: then we see his head loAvcred as he catches the scent, and 
he, too, Auinishes in the Avood.” But this deer is a polygamist and 
his antics can not be for the purpose of mating. 
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Watch the fin(*h as ]ie dances about his mate, fairly losing himself 
in a frenzy of ecstasy, flashing his wings in a wild delight and 
prancing about and chattering; the antics of the noisy street spar- 
row. the prancing and cooing of the pigeons, and there is only one 
evident conclusion. It is not for the purpose of mating but the 
more immediate purpose of hastening the female to fulfill her nat- 
ural function. There are times when two or more males are involved 
in these antics, in which case there must be at least an unconscious 
choice on the part of the female, or a battle royal which will drive 
the competing males away, but in the vast majority of cases there 
is only one ardent male bird in the presence of the female, and he 
is often the bird with which she has already mated. 

A weakness of the sexual selection theory that has not been 
given sufficient consideration is that the song of birds has been 
treated too exclusively in connection with the mating season. Men 
have riveted their attention on those rapturous bursts of song which 
precede and continue through the mating time, and have given too 
little attention to the fact that few birds are ever wholly voiceless, 
that most birds speak the sign or voice language, at least to some 
extent, all through the year. 

Most of our best singers have two distinct song periods. One 
begins with the arrival of the advance guards of the migrating hosts 
and continues until the broods of young birds are hatched. When 
the young birds have left the nest and are able to care for themselves 
there is a cessation of the full, joyous songs, September being gener- 
ally the silent month. Then many of the birds begin to sing the 
last of September or the first of October and continue until Kovem- 
ber. Bicknell has determined definitely the limits of these song 
periods for many of our birds. The house wren begins to sing its 
love song in April and continues to the last of July or the first of 
August. After a period of comparative silence it begins its autumn 
song which has none of the spontaneity of the spring song, but con- 
sists of a “low rambling warble,” which continues to the middle of 
October. The black and white creeping warbler sings from April 
to the late June. Its second period begins from the ninth to the 
twenty-second of August and lasts only a few days. The first period 
of the oven bird stops by the end of June. The second period be- 
gins in August, at first haltingly, as though it had forgotten how 
to sing, but finally bursts into full song by October. The wood 
thrush sings from its arrival in late April or early May until the 
middle of August. It i'^ not heard again until October and then 
only the call notes, never the full song. 

Bicknell attributes this period of silence to the moult of the bird. 
In many cases the moulting periods of our song birds correspond 
more or less (dosely with periods of silence, voice being renewed 
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with the renewal of plumage. The general statement may therefore 
be made that birds are predisposed toward silence during the height 
of the moult. Though this fact may by many be regarded as one 
not requiring demonstration, it is by no means without ex(‘eptions. 
In the earlier and later stages of the moult the vigor of the birds in 
general seems little impaired. Not only do many species enter on 
their migrations while yet the moult is in progress or before the 
comidete maturity of their renewal plumage, but ])irds may be found 
sitting upon their eggs with evident indications of activity in the 
growth of feathers. Still we must regard it as a general fact that 
singing and moulting are in some degree complementary. 

Some birds have no second song period. The catbird sings from 
April through July, but is not heard in the autunm. The brown 
thrasher sings from April to the first week in July, but is silent in 
October. After August the scarlet tanager is not heard again in 
full song. Where this second period is lacking it is probably due 
to the excessive fatness of the bird. Thus the scarlet tanager un- 
dergoes its moult in August. The growth of the new feathers con- 
tinues until October, when the bird becomes very fat. The wood 
thrush moults in August, but is not fat. By the last of September 
its plumage is nearly perfect and the bird is fat. Hence the song 
seems to be interrupted first by the moult and then by the adipose 
condition. 

There are some ( ases where the birds’ best song is outside of the 
mating season. It is a significant fact that the male birds arrive 
first in the migration and soon after their arrival begin their full 
song, though there are no females to hear. It may be said this is 
for the purpose of attracting the females on their arrival or that 
the male is practising his art, but this seems too superficial an ex- 
planatiSh. There must be something within the bird himself which 
causes him to sing, though there is no ear to listen. Hudson calls 
attention to a small yellow field finch of La Plata which does it best 
singing in August. There birds gather in great flocks in the tops 
of trees and sing in concert, producing a “ great volume of sound, 
as of a high wind when heard at a distance.” Later this choir 
breaks up, love infects the individuals, and they scatter over fields 
and pasture lands. But during courtship the male has only a feeble, 
sketchy song. 

There are birds which sing more or less the entire year. Hudson 
found several birds in Patagonia with good voices, one a mocking- 
bird. which were autumn and winter songsters. Olive Thorne 
Miller tell of a gray-checked thrush in captivity which sang all 
winter. 


136650 20 31 
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All through the long winter this dm ruling thrush, with his two neighbors, 
delighted the house with his peculiar and matchless music, and endeared him- 
self by his gentle and lovely disposition. Xo harsh sound was ever heard from 
him; there was no intrusion upon the rights of others, and no vulgar quar- 
rels disturbed his serene soul. (In X^esting Time, pp. 168-169.) 

The voice of the crow is as vigorous in January as in June, and 
while I write these lines, in February, a blue jay is screaming from 
a tree in a neighbor's yard as though April had come. The chicadee 
sends out his cheery song the coldest day in winter with almost as 
much \im as he does in the nesting time. The metallic notes of the 
flicker ring over the hillside through the coldest months with a vigor 
becoming the hardy bird. Indeed, the man who goes forth into the 
New England hills in winter, especially if the sun happens to be 
shining brightly, must be impressed by the number of bird notes he 
will hear during the day. I went forth one day in January when 
the earth was encased in ice, over which was a thin layer of fluffy 
snow. A strong wind was blowing, whipping the bare branches of 
the trees. The thermometer was low and the air stinging, surely as 
unfavorable a day as one could find for birds. What was my de- 
light to find a large flock of robins and another of goldfinches. 
The latter were as active and cheerful as though it had been a day 
in May. Defying the wind, they were in the tree tops, swinging on 
the tips of branches, sometimes hanging U23side down, himting 
eagerly for food. And from the tops of the trees their sweet, unob- 
trusive notes dropped down like bubbles of melody floating leisurely 
through the air. They were such a friendly company, no one show- 
ing jealousy because another had been more fortunate in finding 
food. Their concert of song was a free expression of their genial 
disposition, some birds uttering onh" single notes while others rolled 
out three or four syllables. I never heard a more hearty goldfinch 
chorus in the spring than they uttered on this cold January day, ex- 
cept it was not quite .-o loud as in April. The robins showed more 
effect of the cold weather sitting on a branch with their feathers 
fluffed out, as though to increase the size of their feather coat, but 
with all their discomfort they too indulged in song. Most of them 
gave the single robin note, but occasionally a more ambitious bird 
would roll out a longer phrase, one bird answering another that 
called from a distant tree. Then the entire flock would rise on 
wing, chirping as they flew, as tliongh glad they were livino* and 
could not withhold an expression of their joy. From the top of the 
pines the crows cawed at each other, tipping their bodies as they 
called in a tilting motion, and protruding dieir necks and heads 
with each note. 

The fact that is too seldom taken into coiuideration is that while 
the bird usually sings his moM x igorons ,ong and indulges in his 
most frantic effort'^ around rh(‘ nesting '■eu'-on. he does use his 
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voice at other times during the year; that there are few birds that 
are entirely voiceless at any time. Sometimes he utters only a 
call note, again the note of alarm, caused by sudden fright, while 
again he sings apparently only for the pure joy of living. But 
throughout each month of the year either a sign or spoken language 
plays a part in the ceremony of his existence. His song is not 
merely a thing related to his sexual life. It has a relationship to 
his total existence. It is no more to be explained by the principle 
of sexual selection than is the existence of the human voice, even 
in its higher and finer modulation, by the same law. It is the 
means by which the bird expresses himself to the outer world. It 
is used according to the need of the hour or the season — the instru- 
ment by which the bird communicates his needs or feelings. 

It is significant in this connection that so little has been said 
concerning the voice of the female. The question may reasonably 
be raised whether her voice is not much more important in nature’s 
scheme than that of the male. He is a much more ardent, vigorous 
and accomplished singer. But after all that can be said about his 
song the fact remains that it is not so very important. It is a sort 
of gi*andstand performance. He is a sort of troubadour who comes 
forth to please those who hear, but it contributes nothing we can see 
toward the protection or rearing of the young. But who that has 
listened to the sweet, low notes of the mother to her young or the 
alarm notes or clucks which cause her helpless brood to run to hiding, 
can doubt that the voice of this female is very important in the 
struggle for existence. If the purpose of selection is the improve- 
ment of the race why might not some genius show that males select 
the mate with the best cluck or call for the protection of her brood ? 
It would certainly be a theory far more in harmony with nature’s 
plans. But, while no person would probably have the courage to 
prove such a theory, it can not be doubted that the female has a 
language and that it is far more important in the preservation of the 
race than the more modulated language of the male. 

All of these facts must be taken into consideration before we can 
adequately account for the song of birds. The sexual selection 
theory is based too exclusively upon one period in the bird’s life. 
The bird has more than one season of song and there is no month 
of the year when his voice does not play some part in his life. The 
female has a language as well as the male. It must be evident that 
any e.xplanation which will be adequate to account for bird language 
must cover every season and must be found in the inner life of the 
bird rather than in outward circumstances or choices. 

Again there are certain types of sign language which are much 
more universal among birds than has generally been assumed. Much 
emphasis has been placed upon the displays and love dances of 
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pheasants and birds of paradise which, it has been assumed, was 
the cause of the beautiful plumage of these birds. The female 
choosing the best performer or the most highly colored male has 
resulted through slight modification, generation after generation, 
in these elaborate decorations. But we have, since Darwin, dis- 
covered that the love dance or display is in some measure used 
by many birds, often birds of dull color, like the English sparrow, 
and they are still, in spite of the love dance, dressed in gray or 
sober plumage. Howard, in his remarkable History of the British 
Warblers, has shown that these birds of sober hues perfoi’m dur- 
ing moments of sexual exaltation, antics Avhich in every way reflect 
the display supposed to be peculiar to birds of brilliant plumage."’ 
Savi"s varbler also indulges in these antics eA^en when feeding his 
young. Furthermore, these dances are not confined to the period of 
courtship. 

From AA hatover point of a ieAv Ave approach this subject the evidence 
is so strong that aa e are compelled to look for our explanation in the 
internal life of the bird rather than in any external, exciting cause. 
Most of the theories thus far set forth have in them an element of 
truth. If the piu^pose of song is excitation of the female to break 
down her coyness, this A^ery act may compel her to exercise an un- 
conscious choice and thus sexual selection may exert a limiting and 
directiA^e force in the life of the bird. Ea^cu Hudson’s theory that 
the bird sings out of the abundance of its A^ery being, joy and life, is 
not to be ignored. But the question forces itself upon us, why does 
the bird sing and dance to overcome the female coyness and what 
giAes the male more vitality than the female? The answers to these 
questions force us back into the inner life of the bird to seek our 
ansAver in the essential difference between the sexes. 

So far as as aa'(‘1I as other displays, in the mating? season are concerned 
they are diie to the ripening of the sexual glands, from which, as Pycraft has 
shoA\Ti, hormones are set free, and, pervading the body, stimulate the nervous 
system, and at the same time the se(*ondary sexual characters — the antlers of 
the stag, the mammary glands of the female, the “breeding plumage” of the 
bird. AA^hen they arc' obviously secondary sexual characters, as in the case of 
dull‘Colore<l birds, the result is the same, a state of physical exaltation ex- 
j)ressed in ‘’display.” Males or females Avherein these “hormones” are hut 
feehlA* developed, display and respond indifferently, and so cease to please the 
opp<»s]te sex. As Mr. HoAvard has pointed ()ut, in the case of the Avai‘hler<, no 
amount of display on the part of the male will aA’ail until the f(*male has at- 
tained a like pitrh of preparedness for the AA'ork of procreation. The eonrtship 
ef the nitf^ and reeves, already referred to, aftnrds another illustration. Here 
it will be remembercMl the males for Aveeks spend laborious days in endeavor- 
ing to gain some responsive sign from their prospectiA^e but phlegmatic mates 
yet without receiving the slightest sign of encouragement or recognition. As 
s....n, iK.wt.vfi-, iis lln,' ffiiiuU' lias bewme " .vesually ripe," as soon as the hor- 
mones spcreterl hy her srenerative jlnnds have done their work, she herself in- 
dulges in a species of nuptial (lance, waltzini: round her lord, and setting (.lov,(n 



BIRD SONG — HAWKINS. 


473 


before him with her tail directed toward his head. Thus the sexual activity 
displayed by the male comes to mean simply that he is more ardent at this 
time than his mate. The advautatce of this is ol)vious for thereby the more 
vigorous males, by proclaiming their desire to pair, defeat their less vigorous 
rivals, who might otherwise be chosen. The earlier they can take the field, 
the more persistent their advances, the greater their chance of ultimate suc- 
cess, and this because they slowly instill a preference which can not be over- 
come by later and less virile comers. 

This fact makes it clear why many of the sober-tinted birds are as 
ardent in their love dances and displays as some of the more bril- 
liantly colored birds like the peacock and the pheasant. It may also 
explain why some of the more brilliantly colored birds sing as vig- 
orously as the duller-tinted species. Their nervous system is in a 
condition of intense stimulation through tlie action of secretions 
thrown off by the sex glands. But the important fact is that it com- 
pletely modifies the theory of sexual selection, so modifying it that 
there is little of the significance attributed to it by Darwin and his 
followers remaining. The antics, display, and songs of birds are 
germinal variations which have survived and are not the result of 
conscious or unconscious choice on the part of the female. This is 
“borne out 1)y the fact that birds of the most solier hues affect dis- 
plays of a character precisely similar in kind to those of birds in 
which this display appears to be made for the sole purpose of exhib- 
iting to the best advantage some specially modified or beautiful col- 
ored feathers.” 

This view which seeks the cause of song in the internal life of the 
bird rather than in external causes also gives a more satisfactory 
view of the total language of the bird, the call and alarm notes, the 
gentle notes of the mother bird over her young, and the songs that 
are uttered outside of the mating season. The sexual selection theory 
has fallen down, in my judgment, from the fact that it has confined 
itself too exclusively with one short period in the language of the 
l)ird. It has failed almost exclusively to recognize that birds have a 
language which extends throughout the entii‘e year, either sign or 
tone language, and that there must be something in the feathered 
creature which will account for this less vigorous expression of life 
and needs which occurs outside of the mating season. It is here that 
the theory of germinal variations comes to our assistance. Voice 
having originated in the hisses and groans of the reptile, it was in- 
evitable that there should be a difference both of tone and vigor be- 
tween the male and female birds, due to the essential difference of 
sex and any variations in voice which might arise would be pre- 
served in the male germ which assures the variation in the species 
while the germ of the female guarantees the constancy of the species. 
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Shortly before his death the lute Col. Koosevelt wrote “In its 
groundwork essentials the matter of animal coloration is one of 
kindergarten simplicity.” But, as a minor result of the World War, 
knowledge is widely disseminated which shakeg confidence in the 
finality of this conclusion. 

For years our harbors have been choked with ships in bizarre 
war paint, designed to deceive the enemy regarding their apparent 
size, speed, and direction of motion. During the same period, tanks, 
great guns, and other implements of war upon the battlefields of 
the world have been painted on much the same system, with the 
general result, paradoxical as it seems, that their visibility has been 
diminished. But if daubing a gun with irregular patches of vivid 
and contrastive color increases the difficult}" with which it is dis- 
covered by aerial observer's, this fact, wholly opposed as it is to pre- 
conceived opinion, may lead one to suspect, with regard to animal 
coloration, that underlying principles may not always be obvious; 
and to infer too, that Col. EoosevelCs plummet may not have reached 
bottom in depths he believed he had sounded. 

The differences in color between closely related species of animals 
are often more striking than any other marks which serve to dis- 
tinguish them one from another. But, upon the basis of the Dar- 
winian hypothesis, tlie more noteworthy the difference between two 
forms, the more important, upon the average, should have been the 
role of natural selection in bringing it into being. The greater 
the difference, the greater too should be the ease with which the 
service rendered by divergent characters of related species should be 
demonstrated. These facts sufficiently explain the sustained in- 
terest of Darwinians in animal coloration ; here, in a sense, they have 
elected to ^r-tand and to dem<)n>trate the existence of that general fit- 
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ness for survival, that adaptation to environment, v hich should char- 
acterize animals, if their evolution has proceeded as they suppose. 

Ahiiost by common consent such animals as the hare, woodcock, 
tree frog, flounder, and a host of others, both terrestrial and marine, 
are considered obliteratively colored. Indeed, the extent to which 
the colors, and even the patterns of some of these animals, repeat 
those of their surroundings, and the difficulty with which they are 
discovered when at rest, leave little room for dispute regarding the 
significance of their coloration. But it is otherwise with animals 
which display patterns of massed colors in sharp contrast with one 
another and with no obvious tendency to repeat those of the environ- 
ment in which their possessor may be observed, at least at times. 

Even the general reader who only occasionally seeks diversion in 
biological literature will recognize in these patterns a familiar bone 
of contention. To some persons they have seemed to owe their 
brilliance and conspicuousness to sexual selection. In the opinion of 
others they warn potential enemies of unpalatability upon the part 
of their prospective prey, and so preserve the latter from unwelcome 
and dangerous attack. Still others see in such patterns marks devel- 
oped through ministering to recognition at a distance between mem- 
bers of the same species. It has also been held that such types of 
coloration contribute nothing to their possessors' welfare and are to be 
regarded merely as an indication of their immunity from attack on 
account of their agility or other advantage they enjoy. Finally, 
and, as it seemed, most preposterously, until recent events placed the 
matter in a new light, it has been suggested that they are as truly 
obliterative in function as others. These patteims of the second sort 
differ, however, from those of the first in having to discharge their 
function under different conditions, to which fact they owe their 
peculiarities. 

For the last suggestion zoology is indebted to Mr. Abbott H. 
Thayer,^ whose contribution to an undei'i^tanding of animal colora- 
tion has been most substantial. America, however, has been rather 
!)ackward in expressing appreciation of Mr. Thayer’s discoveries. 
It may therefore be of interest to ])i-esent in brief certain findings of 
an entirely independent order which consistently siipj^ort tlie general 
principles he enunciates, whose truth and significance ai’e not yet 
thoroughly comprehended. 

The findings in question ^ are almo>t exclusively derived from 
field stTidies of fishes and Crustacea, which involved the use of equip- 
ment not commonly employed in such work. The whole mav be seen 
in action in plate 1, figure 1, which shows the launch Dancin, of the 


^See Abbott IT. Thaypr. Conopalin^ Cnloration in tho Animal Kingdom. 
New York. 1900. 

2 F'or a dotaih'd statement, see tbp .Tonrnal nf iunm tai Znolui^v vol *»' 

recent Lsums of the Year Book of the Carnegie Institution of Wa Jiington.*" 


Macmillan, 
I, 1917, and 
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department of marine biology of the Carnegie Institution of IVash- 
ington, her complement of men, and the diving hood and camera 
which made the chief investigation possible and permitted a pictorial 
record of some of the observed facts to be secured. 

As will appear from the picture, the hood affords one no protec- 
tion from the water. It is simply an inverted, w^eighted, metal cylin- 
der, cut to fit the shoulders, and connected with a compression pump 
by a hose through which its contained air may be renewed. In prac- 
tice its weight is slightly more than sufficient to overcome the natural 
buoyancy of the operator. It is simple, safe, and convenient to 
handle; yet it permits one to work upon the bottom in warm tropical 
water for hours at a depth of 10 to 15 feet, with only one’s head in 
the bubble of air it holds. 

Provided with such a hood, and enjoying the comparative free- 
dom of movement assured by the use of 100 feet of hose, one has 
an unusual opportunity to observe the behavior of representative 
marine animals under natural conditioms. Most of the creatures 
show little fear of the strange thing they see, until it is fairly upon 
them. Schooling nocturnal fishes continue to rest idly about their 
gathering places. Diurnal species, upon the other hand, come and 
go, intent upon important business. Carnivorous forms, indeed, far 
from taking flight, may even gather around one to search for pos- 
sible food to be discovered about overturned stones, while herbivor- 
ous types pass and repass, it may be in droves, cropping the more 
or less dense turf of algae which covers the reefs. 

It is a strange world in which the diver finds himself; it is so 
small and still; so surrounded by mystery; so surprisingly unlike 
that which one imagines it to be, observing it from the surface. 
Even when the light is brightest and the water most free from sedi- 
ment, one never sees objects at a greater distance than a few yards; ^ 
and if a heavy surf is pounding a short distance seaward, so much 
debris may be borne inshore on the rising tide that one may be shut 
in almost as completely as in a blinding snowstorm, and have no means 
of finding one’s way back to the boat other than following the hose. 
No sound reaches one save that of the air rushing into the hood 
at each stroke of the pump above. Graceful gorgonians, purple, 
brown, yellow, or olive, may sway gently as the lazy swell rolls 
overhead; or as one clambers about the face of sonje submerged 
escarpment, one may see, from below, sheets of foam spreading where 
trampling rollers raised by an incessant trade wind have broken. 
Yet all transpires in perfect silence. 

A feature which contributes in high degree to the strangeness and 
unreality of one’s surroundings is the fact that while in the hori- 

1 In one instance under very favorable conditions the visibility was found to be 15 
paces 
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zontal plane one’s world suffers diminution, all vertical distances 
prove to be much greater than they appear from the surface of the 
water. Apparent smooth bottoms are rough ; rough ones are seamed 
by crevasses ragged Avith overhanging ledges, or are pitted Avith holes 
scoured by the waves and communicating with one another at times 
beneath natural bridges. Yet, however rough the bottom, one carries 
one’s load of metal with ease, since its effective weight is so greatly 
reduced in water. One even scales near-vertical precipices Avithout 
difficulty, for the same reason. But, light as one feels, real speed is 
out of the question, and the horizon is very near. It is therefore 
well, perhaps, that upon every hand interesting things claim one’s 
attention, or acth^e imagination might dwell too much for comfort 
upon terra incognita which the hood’s one narroAA^ Avindow permits 
even to touch one from the rear. 

The animal life on a rich tropical reef will engross the powers of 
obserA^ation of a naturalist for an indefinite period, CA^en if he is 
able to study it only from a boat through a water glass ; but its appeal 
to his interest is intensified when he is able actually to stand upon 
bottom, beneath water, in the very midst of the creatures observed. 
This is due to seA^eral factors. Limited as one’s range of vision is 
by the opacity of the Avater and its suspended sediment, one still 
sees more and more clearly upon the whole, when submerged than 
under any other condition. Xo reflection from the water’s surface, 
and no inability to manipulate one's watea* glass satisfactorily, robs one 
of the last act of innumerable dramas staged by the reef population. 
Again, many of the most interesting creatures to be seen, or features 
in their behavior, can not be made out clearly at distances which must 
intervene between them and an observer at the surface. Finally, 
fishes in particular, among marine animals, are not adjusted alone 
to a Avorld beneath them. One needs, therefore, in many instances 
to see them from below, against what lies above, in order to grasp 
the full meaning of their coloration. 


Some of the glimpses a diver catches of the normal lives of the 
animals by which he is surrounded are highly instructive. He may 
find, for example, even on what seems the loose and shifting sand 
of a submarine Sahara representatiA^e species whose habits and 


structure accord with their surroundings. There are flounders there 
marked Avith the color and pattern of the bottom beneath them, Avhich 
while he watches will bed themselves and be lost from sirrht in an 
instant, except as their prominent eyes rise beyond the general surface 
of the body, and above the drifting sand, keep vatchfid outlook upon 
local happenings. Pale, hatchet-faced razor fishes of one crenus or 
another may also be in evidence, sidling away leisurelv as he advances 
and ready ever to demonstrate the ease with which tlmir peculiar form' 
enables them to cleave the sand, dart from sight, and lose them- 
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selves in the barren waste. A bit of food will often bring crabs 
out of hiding, too, to scuttle over the bottom, whose characteristic 
features are faithfully repeated in their own markings. But if one 
may judge from their behavior in tanks, the day is not their pre- 
ferred time for roving, and after a little they almost invariably 
give what in any animal not covered by a firm exoskeleton would 
be a shrug or two, and scraping and scratching with their hind 
legs go down backwards out of sight. 

Thus one finds peculiar structures discharging odd functions, and 
so interpreting themselves. Proof is obtained, too, that reactions 
are normal which one sees from time to time among one’s captive 
animals. But often one observes incidents which remain incompre- 
hensible, as when two yellow grunts {Hcumulon sciurus) approach 
one another slowly, snout to snout, open their mouths to the limit of 
their gape, and gaze, as it seems, for several seconds, as if in rapt 
attention, each at the patch of bright red in the buccal cavity of the 
other. Nor is it clearer why from tiny holes in dead pieces of coral 
a small unidentified, species of fish with an enormous dorsal fin 
should protrude half its body and rapidly and repeatedly elevate and 
depress its great banner, while another seems to respond in kind to 
the signal. 

One of the most striking things to be observed at favorable places 
is the abundance of fishes. Not only are hundreds of individuals to 
be seen without changing one’s station, but as many as 50 species 
have been noted at one spot within an hour. Since all are so near 
that almost without exception detailed comparison of appearance 
and behavior is possible even to the unaided eye, it is obvious that 
comparable advantages may be enjoyed rarely, if ever, in respect to 
other groups of animals. 

The places at wdiich species so abound are ideal points at which 
to learn to distinguish the difierent forms, and to become familiar 
with their appearance in life, which is commonly very different 
from that of dead specimens, even when freshly taken. For ad- 
vanced students of the behavior of the species concerned such places 
possess additional advantages, for it is sometimes possible to see 
there side by side types not occuring elsewhere together, and to 
verify tentative conclusions regarding their specific difference in 
habits which may rest upon observations made upon them sepa- 
rately. As points, however, at which study of behavior should be 
begun, and particularly as stations at which by study one might 
hope to determine the significance of the animals’ colors and pat- 
terns, few places could be less propitious. They are average, or 
typical, environments for a comparatively small number of the 
species present: and it is in its typical environment that one of 
these creatures should be seen in order that the significance of its 
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coloration may be aiDpreheiided ; for it is to that environment that 
it is adapted. 

It i>s a simple proposition, and should be self-evident, that, al- 
though two species may often be seen doing the same things to- 
gether, neither their distribution nor the range of their activities 
is therefore of necessity identical. Nevertheless, writers overlook 
this fact, and reason unsoundly that because two or more species 
occur together, pursuing their occupations “ cheek by jowl,” and 
yet differ in pigmentation, both can not be obliteratively colored. 

Painters and plumbers, capitalists and coal heavers, may at times 
be seen together similarly engaged, yet their differences in dress and 
demeanor are not without practical I'elation to their respective 
callings. No one forgets that they are not always rubbing shoulders 
reading the same newspaper bulletins, or paying the same income 
taxes. Similarly, although the .colors displayed by mixed swarms of 
fishes upon the reef are varied, although some are matched by noth- 
ing one sees in their vicinity and the patterns in which they appear 
may be highly contrastive, each particular combination may serve, 
and serve in essentially the same way, under the conditions in which 
it is most commonly to be seen. The truth will appear, hoAvever, only 
Avhen the different species Inu e been obseiwed under many conditions, 
and the range and activities of each lun^e been defined ; until which 
time no one’s suggestion of the revealing or concealing effect of their 
coloi*s and patterns may claim to rank higher than an interesting 
Avorking hypothesis. 

In determining when and where a giA^en species is to be found, 
and how it spends its time, which are the fundamental facts con- 
cerning it in the present connection, no single method is more A^alii- 
able than the analysis of stomach contents of individuals taken from 
as many and varied localities as possible, and at all times of day 
and night when they may secured. 

Application of this principle shoAvs that there is, on the Avhole, a 
sharp distinction between diurnal and nocturnal species, since com- 
paratiAcly few seek and capture food indifferently at all hours. To 
AAdiich group a form belongs is usually clearly indicated bv the 
amount and the stage in digestion attained by the food in the fishes’ 
alimentary tract morning and evening. In some species eAerv indi- 
vidual of hundreds examined will l)e full at daylight and fasiino* at 
sunset. Species of Avhich this is true commonly school at definite' 
points during the day. 


Tlie fishes in figure 2, plate 1, are in characteristic grouping in 
typical surroundings. Such small knots, and larger aggregatioms of 
nocturnal feeders, are semipermanent in composition; for individuals 
which may be distinguished by some peculiarity, such as size, wounds, 
scars, or malformations, may be seen day after day at the same place! 
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Knowledge of this fact, and of the fact that at night these species 
feed upon food of definite sort, whose range is known, permits one at 
last to speak with some confidence regarding their distribution at 
different hours. 

Important, however, as is the information gained through deter- 
mination of the feeding habits of fishes, or of other animals, through 
analysis of their stomach contents, the vividness of one's mental 
picture of their daily round of activity is increased inuneasurably 
by direct observation of their behavior. Nothing could be clearer 
than the import of masses of statistics showing that some fishes feed 
by night anel others by day. Yet his conception of the fact is pale 
and colorless w^ho has not seen the nocturnal species coming in at 
daylight singly, or in twos or threes, until their accustomed school- 
ing places swarm with them; or who has not noted, at dusk, forms 
which have been active all day disappearing, in what way it is 
almost impossible to discover, while others from the inner, dimly 
lighted, secluded fastnesses of the reef, come out of obscurity some- 
what before, but with as little confusion, and with almost as definite 
an order of appearance, as the stars in the twilight. 

At many points tlie method of direct observation yields results, 
however, which could never be inferred, even from complete knowl- 
edge of the food of fishes and the conditions under which it is taken. 
This is the case with all the minor diurnal activities of nocturnal 
species; and is quite as true of the common changes of color, 
shade, and pattern, which species of the most diverse sort effect 
under a great variety of conditions. With respect to all such matters 
it is indispensable, and the results to be obtained by pursuing it are 
crucial in determining the significance of the coloration of fishes. 

To secure a comprehensive pictorial record of specific differences 
in behavior it is practically necessary to use a camera inclosed in a 
water-tight container more or less after the model of that showm in 
figure 1, plate 2. The submarine lAotographs illustrating this article 
were obtained with a 4 by 5 autograflex camera, protected as appears in 
the picture. The camera looks ’’ through a circular window in the 
left end of the box. YTiat is in focus in the field of the lens ai^pears 
upside down in the mirror mounted in the upper end of the focussing 
hood. The act of focussing, the tripping of the shutter, and other 
operations necessary in making either instantaneous or time exposures 
are made by various screws and plungers, some of wdiich are not visi- 
ble in the figure. It is necessary to send the box to the surface for the 
purpose of changing the jdate after each exposure. 

The difficulty with which pictures may be secured varies with cir- 
cumstances. When the light is good an exposure of a tenth of a second 
is sufficient: that is, a snapshot may be taken; and if the subject 
is reasonably quiet and the w^ater calm, it is not particularly 
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difficult to secure the result desired. But one’s trials mount very 
rapidly with failing illumination, shyness of the subjects, their 
activity, and, above all, with the roughness of the water. The camera 
box is large and somewhat awkward to handle. It requires both hands 
and knees to steady and manipulate it. In the meantime while one is 
using it the heavy hood, left to its own devices, except insofar as it 
may be steadied against the camera by pressure of the forehead, rides 
upright or otherwise according to conditions. The long rolling swell 
pushes one now a step or two forward, now back too far to accomplish 
anything, and meanwhile the image in the mirror, never overbright, 
goes into complete eclipse, as one’s breath condenses upon the window 
of the hood. Then whatever advantage of position may have been 
gained for the moment has to be abandoned ; the glass must be flooded 
with water and the attempt renewed from the beginning. 

• The camera readily records such differences in regard to their 
habits, as appear in the case of the fishes shown in plates 1 and 2. 
The former, as has been said, are nocturnal ; the latter, diurnal reef 
rangers. The one class, as one might infer from the picture, is 
marked in general by its comparative inertia when undisturbed ; the 
other is equally characterized by its “restless activity. 

Each of these primary groups includes a great variety of species, 
and is capable of subdivision upon the basis of differences in distri- 
bution and behavior. Some fishes sedulously avoid the light, and in 
proportion to their numbers are rarely seen. Others swarm about 
the coral beds or stacks, and are not found at all upon the open reef. 
Some are found chiefly, or solely, on sandy bottoms ; others among 
particular sorts of marine vegetation. Some haunt the bottom; 
some, the surface; some, again, the intermediate depths; while others 
may swim at any level. Now follows a fact of great significance: 
When the fishes are gi*ouped naturally upon the basis of their micro- 
geographical distribution, so to speak, it appears that the range of 
variation in color is much less upon the average within each of the 
subordinate groups than it would be in a giuup of the same size 
selected at random from the local fish fauna as a whole. In addition 
the colors dominant in the different groups are correlated in general 
in a definite way with those of the j)i'eferred liaunts of the group, 
and tend to repeat them. This seems to indicate almost as clearly as 
anything can that the colors of the fishes in question are upon the 
whole what they should be in order to make them inconspicuous in 
their normal surroundings. 

This is quite at variance with the conclusion naturally drawn from 
the appearance together of many species of different colors in one 
circumscribed region. But, with few exceptions, readily recognized 
as such, the places where species congregate most freely are foci 
where many simpler environments meet, or even overlie one another. 
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Each individual which one sees commonly at such a place, if it is 
not frankly a stray specimen, is adjusted to some one or more of the 
various factors which make up its complex environment of the mo- 
ment. To others it is more or less unadapted, and its lack of adapta- 
tion in so far as color is concerned may make it appear conspicuous. 
It is impossible to consider its conspicuousness functional, however, 
something which nature has elaborated through selection on account 
of its revealing quality. It is not even possible to look upon it as 
something of no significance, upon which nature has placed no 
check. Such as it is, it is a sort of residual, and possibly irreducible, 
conspicuousness ; for species, as gaudy as any, possess marked power 
of adaptive color change. 

That many fishes, those from tropical waters in particular, may 
vary greatly in color from moment to moment, has long been known. 
A few moments’ observation of the fishes in the tanks of the New 
York aquarium, for example, even Avhen the observer sees the crea- 
tures for the first time and lacks more than the average intelligent 
person's interest in them, will make clear their power of color change. 
Under what conditions this power is exercised in nature, and w hether 
the color changes of unconfined fishes in their native surroundings 
conform to law, has, however, until recently never been determined 
on any comprehensive scale. 

This deficieiic.y in biological knowledge is probably due to the fact 
that for the most part the visits of biologists to tropical reefs, wUere 
the changeable species are best to be observed, have chiefly been of 
short duration, and, in so far as they have been concerned at all with 
fishes, have been devoted to collection, rather than to the study in 
life of local species. Under such circumstances the students, or col- 
lectors, as the case may be, have gone chiefly to those places where 
fishes most abound, to places, in other words, where the underlying 
system their color changes follow is to be perceived with greatest dif- 
ficulty. 

What it is that determines that color shall change in changeable 
species, and how strictly utilitarian the changes are in their general 
effect, appears most clearly wdien the creatures are observed at some 
point w’here large areas of rather uniform character meet others from 
which they differ sharply in color. Such, for example, are the 
boundary lines betw^een bare bottoms covered with clean white sand 
and those covered by a dense mat of brown seaw^eeds or green marine 
plants of one sort or another. If at such critical points one wnitches 
passing fishes that are equally at home on either side of the line they 
may be seen making appropriate changes as they pass from one to the 
other. One has to w^ait largely upon the haphazard movements of 
herbivorous species in order to secure demonstration of the law in 
accordance with wdiich their color changes occur: but wdth a broken 
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sea urchin, or any other such titbit, carnivorous fishes of small or 
medium size may be drawn from point to point, and their color changes 
evoked at will. In the face of these and other facts even the most 
skeptical must accept the complex mechanism of color change in 
fishes, as a device whose chief function is to enable the species that 
possess it to display obliterative hues in typical surroundings within 
their specific ranges, in which they are and have been through ages 
accustomed to move in the course of their normal activities. 

It is difficult and perhaps impossible to translate the details of a 
fish’s coloration into terms of service rendered. It is conceivable 
and highly probable that many of its lesser peculiarities are without 
biological significance. It is clear, however, that in the gross it serves 
to blend its possessor with its environment and tends to obliterate it, 
one should suppose, in the eyes of potential enemies or prospective 
prey. In view of the incidence of the power of color change within 
tile group, and of the correlation of the color of fishes with their habits 
and distribution, there is no reason to suppose that revealing and 
concealing types of coloration may be distinguished among them. 
Broadly conceived, all their coloration, so far as the eiddence goes, 
is obliterative in effect. 

Ihis fact is rich in suggestion. All the Darwinian hypotheses of 
animal coloration have really grown out of effort to explain how 
animab' colors and patterns serve them in the struggle for existence. 
For if such characteristic features as the markings of animals are 
without utility, the hypothesis of organic evolution by natural 
selection possesses at best no general application. This is indeed 
an opinion held by many biologists. But let Darwinians, in a 
day when the lives of men by thousands have been staked upon 
the truth of a contrary conception, forswear allegiance to the 
fetish of warning coloration. Let them spend in the field what- 
ever time is necessary in order to determine in what relation 
the colors of birds and insects stand to those of their surroundings, 
and whether they are correlated with their significant habits and dis- 
tribution. Then we may gain at last a comprehensive view of animal 
coloration consistent with fact. In that case, if we may hazard a 
prophecy, the hypothesis of natural selection should regain in time 
much of its dei)arted glory; for there is reason to believe that the 
doctrine of utility will be generally sustained in regard to the colora- 
tion of the higher animals. 

Tli(^ prospective ^ipnificance of known facts regarding the colora- 
tion of reef fishes is not readily to be stated. It is largely bound 
up with the subject of changeable patterns; for not only do fishes 
<-hange their color and shade, but some have two or more alternative 
systems of markings in which their colors may appear. 
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Some patterns which are not changeable seem to be correlated 
with definite habits. In the case of others which are changeable there 
is conclusive evidence that they are displayed under specific condi- 
tions. One may almost dare state it as a law, that when any species 
has alternative patterns of longitudinal stripes (or self-color) and 
transverse bands, the former is shown when the fish that displays 
it is in motion, while the latter tends strongly to appear whenever 
it comes to rest.^ 

To be able to say so much is decidedly encouraging. The color 
patterns of fishes are more than variegated pigment patches com- 
pounded at random; they possess biological significance. Whoever 
reads the riddle of their organization, and comprehends the order 
of their changes, will discover the essential principles of a natural 
system of camouflage. In the changeable colors, and even more in 
the changeable patterns of fishes, he should find, too, a delicate physi- 
ological indicator, through changes in which variation in psychic 
states should be observed to advantage. 

^ Since this was written it has been observed that like many fishes the squid ( Sepia 
sp.) when at rest in the water is transversely banded, but replaces these bands by 
longitudinal stripes when it begins to move. 
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Fig. I. — Yellow Goatfish (Upeneus martinicus) Schooling with Haemulon 
sciuRus About Massive Corals. 



Fig. 2, — Red Parrotfish- (Sparisoma abildgaardi) in One of Its Varied 
Color Phases Amid Gorgonians. 





hIG. 2. hlGHTING GruNTS (HAEMULON PLUMIERI). 

The one at the left ha. taken it. Matien ov, r the Gnreonun tuft and rea.nts intradon. 





FOOT-PLOW AGRICULTUEE IN PERU. 


By O. F. Cook. 


[With four plates.] 

Three principal types or systems are to be recognized in the study 
of the highly specialized agiiculture of the ancient Peruvians. In 
the lower valleys, at altitudes less than 5,000 feet, farming probably 
was limited to the more primitive milpa system^ the same that is 
still followed generally in tropical America in regions of low ele- 
A^ation. Under the milpa system a new “ farm ” is made each year 
by cutting and burning the trees or bushes, which clears the land 
for planting and renders cultivation unnecessary. In some countries 
it is customary to raise a second crop, which may receive a little 
weeding or hoeing, but the land is not kept in cultivation continu- 
ously. There must be a new gi^oAvth of trees or bushes before the 
same place can be cleared again by burning. 

AboA-e the milpa belt, in the intermediate or temperate A^alleys 
of the eastern Andes, at altitudes between 5,000 and 11,000 feet, 
agriculture a\ as of the terrace system, Avhich the ancient Peruvians 
carried to a higher development than any other people. The mega- 
lithic retaining Avails, built of huge rocks, unsquared, but fitted to- 
gether Avith precision, testify to a high degree of industry, organi- 
zation, and skill, and must be reckoned among the chief wonder^ of 
the ancient Avorld. Hundreds of square miles of land were reclaimed 
by straightening riA^ers, walling, filling, leveling, and covering with 
a deep layer of fine soil. All of these artificial lands had also to be 
irrigated, often by carrying the water channels for many miles 
through craggy mountains or along precipitous slopes. After being 
cropped with maize continuously for centuries the terrace farms are 
still fertile, and have enabled millions of people to live in a region 
that in its natural condition could have been of no use for agriculture 
purposes.^ 

In still higher valleys, at altitudes of from 11,000 to 14,000 feet, 
the climate is colder, moisture is ‘more abundant, and the slopes are 
more gentle. There is less need of terracing or of irrigation, but the 
alpine gi'asses and other small plants form a dense, fibrous turf, a 
condition like that of northern countries where the plow is the basic 

^ See Staircase Farms of the Anciects, National Geographic Magazine for May, 19in. 
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implement of agriculture. Though the early accounts show that 
llamas were employed extensively, as beasts of burden the ancient 
Peruvians appear to have devised no means of using these animals 
for draft purposes or to assist in the cultivation of the soil. The 
farming of the mountain gi*asslands was done by human labor, 
facilitated by a peculiar implement for breaking the sod. 

The Peruvian foot plow, in the Quichua language called taclla 
or chaquitaclla^ consists of a rather stout w'ooden handle, between 
5 and 6 feet long, shod in modem times with an iron point about 3 
inches wide and two or three times as long. On the left side just 
above the iron point, is a foot rest, bound to the handle by leathern 
thongs. A few inches farther up is another rest attached in the 
same way, projecting forward. The second rest is for the left 
hand, which thus assists the foot in applying the weight of the 
body to the pushing of the implement into the soil. Middendorlf’s 
idea of the tacIJa being worked wdth both feet may have been sug- 
gested by the presence of the two projecting pieces, but one foot 
would be needed on the ground. 

Other names for native Peruvian plows are at^a and yapuiux^ 
recorded by Holguin and Middendortf, rcvspectively. The verb to 
plow is yopiiy or yapiutU and yapuk is a plowman. In the Aymara 
language, spoken in the high tablelands around Lake Titicaca, yapa 
is a field or farm, corresponding to chacm in Quichua. Among the 
Quichua words that may be related to taclla are tacllamaqul^ the 
palm of the hand, and tcucllanl^ meaning to slap or to knead, which 
might refer to plowing. Another verb, takyani^ meaning to fix or 
make firm, might allude to the lashing on of the rests for the foot 
and the hand. Holguin gives mcium as the name of the foot rest 
of the taclla. The word chaquilpa is defined as a part of a chaqui- 
taclla,, and kulsu as a stick that is lashed to a plow. 

The plowmen do not work alone, but two together, so that their 
tacllas enter the soil only a few inches apart, under the same piece 
of sod, which is then pried up. A boy or woman kneels in front of 
each team of plowmen to turn the sods as fast as they are loosened. 
There is also a special word, racra^ defined by Holguin as the boy 
who turns the sod in plowing. Effort is required in driving the 
tarlla into the ground, as well as in prying up the sod. In the 
rarified atmosphere of the high altitudes plowing with the taclla 
is very strenuous exercise. The men are soon out of breath, and the 
work has to be done in short ‘‘heats.’’ WTiile the operation might 
be compared to spading, there are three notable differences — the way 
of handling the tool, the tearing of the sod, instead of cutting it, 
and the tuiming of the sod by hand instead of lifting and reversing 
it with the spade. The tacUa is like a narrow spade, or spud, but 
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this tool has a sharp cutting edge, and is used to extirpate thistles 
or other deep-rooted weeds, not for breaking the sod. 

The work that was being done on the slopes along the pass of La 
Raya in the middle of Apiul, 1915, corresponds to fall plowing in 
northern latitudes. Only narrow strips of sod were being turned at 
this time, marking the rows where the potatoes were to be planted, 
but all of the ground is broken later and the tough sod disintegrates 
during the long growing season into a loose black soil. The cultiva- 
tion of potatoes is carried to an altitude of more than 14,000 feet on 
the southern slopes of the valley in the district between Santa Rosa 
and Araranca. 

Agi'iculture in the high altitudes becomes strictly subordinate to 
pastoral activities, the feeding of flocks of llamas, alpacas, and sheep 
on the grassy lands above the range of cultivation. The hardiest 
varieties of potatoes are too bitter to be eaten in the fresh state, but 
are dried as a reserve stock of food, after fi^ezing, thawing, and 
treading out the juice. The natives are familiar with the names, 
habits, and distinctive qualities of many varieties of potatoes, in- 
cluding several types that are very dift'erent from any known in the 
United States. The flavors, colors, and textures of the different 
kinds of potatoes are as keenly appreciated among the high-altitude 
people as the A^arieties of apples or peaches are with us. In the pass 
of Panticalla a hospitable Indian farmer favored us with boiled 
potatoes to eat out of hand, and insisted that we put the remainder 
of our “treat” in our pockets. The firm textures and distinct 
flavors of the Peruvian varieties may be due in part to their being 
less affected by cooking, since water boils at lower temperatures in 
the high altitudes. Potatoes are not baked or roasted, fuel being too 
scarce. 

At the upper limit of agiiculture in the pass of La Raya the only 
crop associated with the potato is a small species of chenopodium, 
called canihua (canyewa). In the year after potatoes a crop of 
canihua is grown on the same land, with no additional preparation. 
The caTilJiua is not the same as the better known fpiinoa^ which is 
grown at somewhat lower elevations, but is a smaller plant with 
smaller seeds, not bitter like most varieties of rfunioa. The canihua 
is sown broadcast, requires no cultivation, and is gathered by pulling 
up the plants and piling them on blankets, where the seeds are 
rubbed out by hand as soon as the plants are gathered. And after 
being dried and winnowed the seeds are parched and ground into a 
meal that is similar to the gofo of the Canary Islanders, and is used 
for food, in the same way, by shepherds in the mountains or travelers 
on the road. 

Weeds and grasses resume possession of the soil while the canihua 
is growing, and the land is left as pasture for several years lie fore 
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another “plowing '' is attempted. The periods of cultivation are too 
shoil to break down the fibrous roots of grasses and other plants in 
the soil, so that ven" little erosion can take place. In favorable 
locations the system is permanent, and there is nothing to show how 
long it has been in operation or how many times the sod has been 
turaed. Uncounted generations have lived in the highlands, and as 
much labor jnay have been applied to plowing with the taclla as in 
building the walls, terraces, artificial lands, and aqueducts for the 

more striking system 
of agriculture that 
was developed in the 
intermediate valleys. 

That northern 
Europe may have 
passed through a 
stage corresponding 
to the foot-plow ag- 
riculture of Peru is 
suggested by the sui'- 
vival of a similar im- 
])]ement in the He- 
brides and along the 
west coast of the 
Scotch Highlands. 
The Gaelic name, 
case Thro , is ex- 
plained as a com- 
]mimd of cas^ foot, 
and cliroia^ crooked. 

Fro, l.^The ca.schr»m or fout-ilow (if the Ifcbruh'-, fioju \ri}(Ii('ll ^ defined iu tllO 

'*Tho Pa^'t in the rro^ont/’ pa^t> II, c Standard Dictioiiarv 



“a liigliland pick 

or bog-hoe for stony ground. Called also foot-jilow ami (‘rook-spade.’' 
As described and figured by ilhchell ' the caulirom is essentially simi- 
lar to the taclhf, in spite of se\'eral difi'erences in detail, such as a 
longer point, a more distinct curve near the base of the handle, and 
the lack of a separate hand rest, in addition to the foot rest. The 
mechanical principle is the same, the ir^e of the weight of the bodv in 
lireaking the soil. It might be said of the taella, as of the primftivc* 
European implement, “the work which the caschc&m does is neither 
contemptible in quantity nor quality, and there has gone brain to its 
contrivance." 

The Peruvian foot-plow agriculture may lie said to have had a 
very important relation to the ju’esent agri<ailtm'e of noi thern Euroj)e, 


’ Tlio ra<t in th(‘ jt lir,. 
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seeing that the northern nations have become so largely dependent 
upon a Peruvian plant (the potato), the same crop that was the 
chief basis of foot-plow agriculture in Peru. That the laborious 
native system of plowing the potato lands has survived the Spanish 
conquest is easy to understand, since the Spanish colonists had noth- 
ing better to take its place, Spanish methods of plowing with oxen 
are now in general use in the dry intermediate valleys of Peru, where 
maize and wheat are the principal crops; but these methods are 
poorly adapted to the sod-lands of the potato belt in the higher alti- 
tudes. The primitive plows of dry Mediterranean countries serve 
merely for breaking and stirring the surface soil, not for cutting and 
turning a tough sod. Even a name for sod seems to be lacking in 
Spanish. The Quichua word is cJuanpa^ but in Quichua- Spanish 
dictionaries chcimpa has to be explained as turf of earth with roots ” 
{cesped de tie mi con raices)^ or ^‘clod of turf” (terron de cesped). 
Although the potatoes and the other iVndine crops are not con- 
fined to the soils that have to be broken by the foot plow, this im- 
plement may well symbolize the agriculture of the highlands. A 
special problem was presented by the mountain gi’asslands, and was 
solved by means of the taellci. The native hoe, or lampa^ sufficed for 
the agriculture of the intermediate belt, and the axe or the cutlass 
for the milpa system of the more tropical valleys where new clear- 
ings are cut and burned each year. The foot-plow system is like 
milpa agi'iculture in that the land is planted only at intervals, but 
in other asj^jects — climate, soils, crops, implements, and methods of 
farming — it is widely ditferent. 




Smithsonian Report, 1918. — Cook. PLATE I. 



Fig. 1. — ^The Taclla or Peruvian Foot Plow and the Method of Hold- 
ing AND Using It. 

Trom the National Geographic Magazine. 





A Group of Native mouses at the Upper Limit of Cultivation, Pass of 
La Raya, Southern Peru. 





Smithsonian Report, 1918. — Cook, 


Plate 3. 



A bitter Variety of Potatoes Called Tutu. Grown at the Highest Alti- 
tude. Not Eaten in the Natural State, but Dried into Chu^os, Natural 
Size, 

From tile National Geop^rapliic Magazine 








SUN WOESHIP OF THE HOPI INDIANS. 
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[With 11 plates.] 

So far as can be judged from ceremonies, the Hopi religion, so 
called, is materialistic, and the object of the rites is to secure food 
and material blessings. There may be another and deeper meaning, 
but this is of no concern at this time ; the object of this article is to 
discuss their sun worship from an exoteric point of view. 

The Hopi are an agidcultural people, their main food supply being 
maize, or Indian corn. The rain, snow, and hail which water the earth 
fall from the sky ; without moisture the corn withers and yields no 
harvest. The power that causes rain to fall is elemental and re- 
garded as supernatural. 

The seed corn must be planted, for it does not grow save in the earth. 
There is a power in the earth that makes corn sprout, but this power 
is connected with that of the sky. In other words, there are two 
cosmic agencies that appeal to the farmers — the sky and the earth. 
These are magic powers to which are assigned sex, male and female, 
and the Indian, knowing that to a union of sexes he owes the birth 
of his own life, ascribes the origin of all life to the same powers. 

The essential necessities in the life of an agricultural people are 
that the sun may w^arm their farms and the rain may adequately 
moisten them; that seeds committed to the earth may sprout and 
grow until the harvest. Maize being the national food of the aborigi- 
nal inhabitants of Hopiland, their life depending on the success of 
their crop of corn, it was early recognized by these people that the 
force which fertilized and watered the growing corn was the slv}\ 
These powers were not understood; each Avas a mystery; imagina- 
tion conventionalized them and made them supernatural. It would 
certainly be logical to ascribe growth and fructification of crops to 
rain, since when water failed the growing plants Avithered and yielded 
no haiwest. The heat of the sun was naturally associated wdth fructi- 
fication, for the seed buried in the earth would not grow without a 
Avarm earth, and the sun warmed the earth. What more natural 
than to suppose that the analogy of the birth of life from male and 
female elements existed in all nature, and to associate sex Avith these 
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two great magic powers of nature — the isun with the male and the earth 
with the female element. With this fundamental idea firml}' fixed in 
the human mind, in time myths would cluster about these conceptions ; 
the imagination through poetry would define them objectively until 
science should lead to rational explanations. When once symbolized 
or conventionalized they became more and more complicated and took 
a strong hold on the primitive mind. In the absence of realism a 
knowledge of causation due to direct observation was of slow growth. 
The magic powers of earth and sky were personated, and when once 
personated the possibility of man influencing these personations arose 
in the human mind, and with it the belief that man could control them 
by a more powerful magic. Influenced by this belief, he invented 
many ceremonies, which as time went on also became more and more 
complicated. These ceremonies not only increased in complication 
but also derived much from myth, surviving in modified form, even 
into an epoch when changed culture has rendered them little else than 
folklore. Stripped of the incrustations of time and modifications due 
to locality, two great objects stand out prominently in the Hopi re- 
ligion, viz, growth of crops, by which is understood the fertilization 
of the seed, and abundant water and warmth to make the plants grow 
to maturity. 

Climate is then the all-important factor in religious beliefs and 
practices of the Hopi. They recognized its connection witli the sun’s 
motions and devised a method of determining accurately by observa- 
tions of the position of the sun on the horizon, the time for planting 
and the period of the rainy season. This constant observation of the 
sun naturally led them to what is ordinarily called sun worship. The 
sun itself is not worshiped, but in their minds became a symbol, a 
representative of powers back of the sun controlling meteorological 
phenomena. This power when pei’sonated by an anthropomorphic 
symbolism is called by various names as the Heart of the sky/’ or 
the magic power of the sky. There clusters about this conception 
of primitive man many other secondary ideas, some of which are 
incomprehensible to the civilized mind with a more exact knowledge 
of cause and effect. 

IVe know that rain in clouds is water evaporated from the earth, 
falling on account of changes of temperature in the air. The primi- 
tive man did not know this. Our scientific explanation of lisThtning 
is that it is the result of electrical difference in tension. The mind 
of primitive man had no such idea. The primitive agriculturist 
ascribed forces of sky and earth to STipernatural magic powers, and 
from their influence upon the life of the agriculturist tliese powers 
are regarded as above all others; sla- and earth are considered par- 
ent< of all life. It is not possible for scientific men of our centurv to 
analyze all the conceptions of the Sky god in the Hopi mind, but by 
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presenting instances of symbolic personations I shall endeavor to 
throw some light on the nature of sun worship as it now exists among 
the Hopi. 

There are at least several kinds of data from which we can inter- 
pret primitive conceptions of worship, among which are current 
mythology, symbolism, and descriptive legends. For instance, when 
the Sky god is personated, he wears prescribed paraphernalia, as a 
mask painted with certain symbolic designs, and carries certain 
badges or other regalia. We can interpret his supposed chax’acter 
by his dramatic acts and relations to other supernatural beings when 
personated in ceremonials. In myths of the Sun god there have been 
passed down explanations of their rites by earlier devotees, which 
are crystallized by sacerdotal additions or philosophical definitions 
modified bv the mentality of more modern thinkers. 

It is evident that these mythological stories and ceremonial sur- 
vivals among primitive people are based on symbolic and analogical 
rather than scientific conceptions, for in the growth of exact knowl- 
edge each generation somewhat modifies the myths of its prede- 
cessors, immediate or remote, to suit new conditions of life, evolved 
in the evolution of religious thought; consequently mythologjy so 
called, is in a state of continual flux so far as exiflanation of cere- 
monies is concerned, and its present form may be unreliable as a 
means from which to determine the earliest or the characteristic 
ideas of antecedent primitive people. 

One means of arriving at a knowledge of past beliefs is the sur- 
vival of prehistoric ceremonies and cult objects handed down from 
the past. The rites of the people are subject to slow changes, and 
these modifications are not as rapid as the myths, mainly because of 
the secrecy surrounding them, augmented by the conservatism of 
an original priesthood which tends to preserve them in their purity. 
But myth and rite form the woof and the warp of religious develop- 
ment, and it is advantageous, on the very threshold of the study of 
sky worship among the Hopi, to measure the relative importance 
of mythological evidence and that of surviving rites. In the present 
article I have discussed the latter data. 

The existing ritual of the Hopi Indians is a complex, composed 
of several units, possibly borrowed, but distinct from each other. 
The rites of different units are unlike in details, but have forms of 
nature worship and certain other cults in common. Sun worship is 
a common element in this mosaic ritual, but its character varies in 
complexity as well as in di'^tinctive features in the component units. 
To comprehend the character of sun worship it may be well to refer 
to certain modifications in each component group. 

Both myth and rite furnish evidences that the highest form of sun 
worship among tin* oiaginal Hopi was introduced by groups of peo- 
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pies from the South — virtually from southern Arizona. Legends 
say that these southern people, called the Patki, introduced into 
Hopiland the serpent sun cult, a higher form of religious symbolism 
than that previously existing. 

The cult of the Snake people and other northern clans which set- 
tled the Hopi towns before the Patki came emphasizes ancestor wor- 
shiji, sky and earth playing a subordinate role in its ceremony. 
Their appeal to nature powers is through ancestral beings, repre- 
sented by reptilian descendants of a culture-hero or heroine, brought 
into the town for that purpose in their great annual festival. Sky 
worship with them was secondary, or at least they have no symbolic 
personation of the Sky god. Among the southern clans agriculture 
had become the main occupation in the food quest long before they 
came to Hopiland, and with them prayers were made directly to 
the sky and earth as powers that cause the crops to grow. Both their 
myths and ritual deal more with cosmic powers, showing a high 
development of aboriginal worship. 

Two positions of the sun on the horizon, at his solstitial rising 
and setting, the former at the end of June and the latter at the 
close of December, mark occasions of elaborate solar ceremonies. 
The time is determined by the Sun priests of the Patki people. It 
has been found that the former event is directly connected with the 
advent of the rainy season, and the latter marks when the sun 
reaches his most distant point to the south, at a time when the great 
cold intensifies the growing fear of the people that he is about to 
depart from the earth never to return. The departure of the being 
to whom the farmer owes his crops must be prevented, he must be 
compelled to turn back, or, as poetically expressed, the malign in- 
fluences of the winter — personated by a hostile being— must be offset 
that the Sky god may return. In midsummer all known magic 
must be exerted to compel the Sky god to water the fields that the 
corn may grow and ripen. In both cases the sky power must be 
compelled^ to aid the farmer. For want of a better term we call 
this process prayer, but it is more than a verbal entreaty, it is com- 
pulsion by sympathetic magic, and may be expressed in several 
ways, one of which is by mimetic representation called dramatiza- 
tion. 

In rites performed at the two periods above mentioned a partici- 
pant personates the sun, and others represent supernatural beings 
to whom the needs of the worshipers are addressed. The per- 
sonators are clothed in the dress and carry the paraphernalia that 
in Hopi legends are associated with these supernaturals. Thev 

word is us€«d advisedly. A priest hy magic may compel a supernatural to do 
what he Tvishes. 
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perform dramatic rites, which indicate what the priests want, and 
tlie accompanying songs or verbal prayers are those which are con- 
sidered efficacious, having been passed down from a remote past 
for that end. 

Let us take for illustration the elaborate sun rite that occurs at 
the winter solstice, near the end of December. The date of this 
celebration is determined by the Sun priests, who watch the course 
of the sun as it daily sets on the western horizon, retreating farther 
and farther south, as if to withdraw altogether. Each day its alti- 
tude at noon is less as its setting is more and more to the south ; the 
sun is evidently slowly departing from the earth. When it reaches 
its most distant southern point and sets behind the San Francisco 
mountains in the notch at Eldon Mesa, an official announcement is 
made through the town crier that the sun has descended into his 
house in the west. This from experience they know is the time 
when a supreme effort must be made to offset the power which is 
driving him away from his children and then the priests must use 
all their magic medicine to cause the sun to return to his people. 
The sun’s efforts to return are then most feeble, and must be aug- 
mented by all the supernal powers of which man is capable. 

The most important rites connected with“ calling back the sun ” are 
held in secret, on which account they occur in a ceremonial chamber 
called a kiva, to which only the initiated have entrance. This room 
is occupied by men belonging to the Sun clans, and by others, mainly 
old men, called Sun priests. A detailed description of the altar 
(pi. 1) and other paraphernalia in the kiva at this dramatization 
need not be made, but a few general features may be mentioned. 
At one end of the room, near the ceremonial opening in the floor 
called the sipapu^ there is erected an assemblage of objects which 
may be called an altar, composed of an elaborate framework, to 
which arfi attached painted circular disks made of gourds, repre- 
senting flowe^rs. These symbols form a screen,^ behind which some 
of the actors conceal themselves. 

In the middle of this screen there is left an opening through which 
protrudes a head of a serpent effigy. On the floor in front of 
it are arranged various objects, the most conspicuous of which is 
a stack of corn ears, future seed, neatly arranged in a pile. Here 
are also certain emblems and paraphernalia belonging to the priests, 
among which may be mentioned a badge or palladium of the Patki 
priesthoods, their medicine bowl, a prayer meal basket or tray, and 
various fetishes. Before the screen stand masked men representing 
certain supernaturals, and along the sides of the room sits the chorus 

^The Winter Solstice Ceremony at Walpi. Amer. Anthropologist, n. s., Vol. XI, pi. 1, 
1898. 
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I’LATE 1. Altar <>? the \Vixter Solstice Ceremony at AValit. 


a. I)islv tlirougii which great scri>ent efTigy protrudes, 

b. Bird fetish. 

c. Bank of seed corn later distrihuted to clans. 

cf, Flowers of vegetation, corn, melons, and squashes, 

cm. Corn moiuids or germ fetishes. One, at left, has holes for corn dower symbols. 

Head of Horned Serpent. 
ky Mask of Sun god or Sun katcina, 
khy Kiva roof beams, 
fcm, Masquettes of Com maid.^. 
mhy Medicine howl. 

p, Line of meal along which blessings pass to ^ilIage. 
r, Rain cloud symbols. 

.'f, Lateral framework supporting the altar screen. 

ypy Man blowing trumpet, imitating roar of Hornwl Serpent, 

ty Tiponis or badges of chiefs of the ceremony. 

Upright beam supporting the altar screen. 


Altar of the Winter Solstice Ceremony at Walpi, 
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who sing songs to the accompaniment of rattles and say the appro- 
priate prayers as the occasion requires. 

The ceremony or drama before this altar opens with a formal 
smoke by the chiefs, in which, with due reverence, a lighted tobacco 
pipe is passed with great solemnitj' from one priest to another, seated 
about the fireidace, after which steps are heard on the roof of the 
room, indicating an important arrival. Soon a small ball of sacred 
meal thrown through the hatchway of the roof lands on the floor 
by the side of the fireplace, by which the arrival of the god is 
formally announced. The visitor is invited to enter. Cries of the 
eagle have been imitated for a long time by a man seated in one 
I'orner of the room blowing through a bone whistle into a bowl of 
medicine. These cries or calls to the Sky god now become louder 
than ever, and soon the visitor appears in the hatchway and de- 
scends the ladder through the roof. lie is welcomed into the room 
and is seen to represent a large bird, wearing on his head a bunch 
of feathers attached to a leather helmet made in imitation of a 
bird’s head. The disguise is not limited to the head, for his body is 
daubed in spots with pinon pitch, to which are attached feathers, 
Avhile across his shoulders is stretched a string to which are tied rows 
of feathers in imitation of wings Avhich he flaps up and down, 
mimii king the motions of a bird. Thus appareled he struts around 
the room, imitating a bird in gait and in the movements of his 
wings, at times emitting calls like those of a hawk or eagle. This 
personation represents the Sky god. whose advent is the return of 
that supernatural. 

In one corner of the room, at the right of the altar, sits a maiden 
apart from all others, who represents the Earth maid. On the floor 
in front of her there is a pile of sand a few inches high, in which are 
stuck a few short sticks like arrows. After the Sky god has made 
several circuits about the room, during which he is the recipient of 
many prayers from the assembled priests, he halts and squats 
directly in front of the girl. Bending down his body almost to 
the mound, he takes from it in each hand an arrow, and then 
raising his body with a cry, throws them back into the pile of 
sand. Having made another circuit of the room, always sinistral 
in direction, he returns to the girl, repeating the act several times. 
The meaning of this performance is not hard to discern; it repre- 
>ents the fertilization of the earth, as symbolized by the girl, by the 
lightning as symbolized by the arrows. The act is a declaration 
that man desires the god to fructify the earth and thus to bless them 
with abundant harvest. 

The object of this winier solstice ceremony is not only to draw 
back the sun, the arrival of whom, as we have seen, is dramatized 
in the rite just described, but likewise to impart new life to all 
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nature, to fertilize the earth, that the Germ god may vitalize not 
only the crops, the seeds of which are piled below the altar, but also 
all game, domestic animals, and hxunan beings — material resources 
of all kinds. The winter solstice rite is a complex prayer to the Sky 
god to return and renew life. 

The horned or plumed serpent is a symbol of the Sky god and 
this being brought to Hopi by southern colonists is consequently 
symbolized in the winter solstice ceremony introduced by them. 
It occupies a prominent place in the rite in which the return of 
the Sun god is dramatized, and its idol or effigy is the most con- 
spicuous feature on the above mentioned altar. Directly after the 
celebration of the arrival of the Bird god each worshiper says his 
prayer to the serpent idol, the head of which occupies the opening 
in the screen of flowers, and sprinkles it with sacred meal, as is 
customary in prayers. They regard this serpent effigy as a per- 
sonation of the Sky god, or as the renewer of life, as the bird man 
whose actions have already been described represents the sun. 

But to study this element of sky worship in its more elaborate 
drama we should visit the kivas at the vernal equinox, near the plant- 
ing time, when there takes place perhaps the most remarkable cere- 
mony yet described among the Hopi or any aboriginal tribe of North 
America. 

The description given above indicates the character of the Sky 
cult by one component of the Hopi in the winter solstice ceremony at 
Walpi, but the fertilization ceremony with very significant varia- 
tions occurs at other Hopi pueblos. We have observations of this rite 
at Oraibi, where the intention is identical with that at Walpi, although 
the horned serpent effigy is not introduced. Here elaborate sun cere- 
monials, in which the Bird man plays a prominent part, are dupli- 
cated, although modified in details. In addition, there are certain 
rites performed at this time at Oraibi which appear in a modified 
form at Walpi. The most significant of these is the introduction 
of a portable screen, on which is painted the counterpart of the sun, 
the Germ god, before which are performed ceremonies for the fer- 
tilization of corn. The screen used at this time is a rectangular 
frame, over which is stretched a cotton cloth bearing other designs 
in addition to the figure representing the Germ god (Alosaka). 
The lower part of this screen under the figure is covered with corn 
seeds. On one side of the central figure is a design representing the 
sun; on the other a picture of the moon, above which is a well- 
painted corn plant. To the top of the screen are attached semi- 
circular hoops covered with cotton wool, symbolic of the clouds. 

The ceremonies about this screen are tor^elaborate to be described 
in detail, but their main object is the fertilization of corn, represented 
by the kernels attached to its lower part. In the progress of the rite 
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these seeds are scraped from their attachment to be used in future 
planting. During the songs an invocation is sung to the Great Snake, 
although no effigy or other representation of him is used at that time. 
Shortly after this rite, absent at Walpi, there appears in the kiva a 
personation of the Sky ‘god wearing on his head a star with four 
points, the “ heart ” of the sky. He carries in his hand a disk upon 
which is painted the sim emblem, to the back of which is tied a plant- 
ing stick. At the most solemn time in the rite this personator twirls 
the sun emblem in his hand, pointing it in succession toward the 
cardinal points. 

In reviewing these rites with a view to interpretation and compari- 
son with the lYalpi variant, it appears that the main object is the 
same as the rites in which the effigv^ of the snake is used, or fertiliza- 
tion of the seed. The Sky god, symbolized by both sun and horned 
serpent, is the beneficent Slvj god who fertilizes the seed, brings the 
rain, and causes the crops to grow. It thus appears that the functions 
of the Great Serpent and the Sky god are intimately connected in 
Hopi philosophy, the difference of personation in dramatization be- 
ing largely due to modification in the different pueblos, possibly from 
the predominance of different clans. 

It is evident that there are two essential features or two elements 
involved ; first, the fertilization of the earth and, second, the renewal 
of life, especially of the food plant, corn. The production of rain 
is not the striking motive in this complex ritual, but rather the pro- 
curing of the needed warmth and moisture upon the seeds to cause 
growth and furnish a food supply. From one point of view the fall- 
ing rain fertilizes the earth and makes the crops grow, so that we 
may say there is only one object in these rites, namely, that of fertili- 
zation.^ The Sun and Great Serpent, symbolic forms of the Sky god, 
impart the principle of life, as in many other ceremonies among the 
Hopi. 

The Zuhi have an equivalent of the Hopi horned serpent, whose 
effiirv, mechanicallv attached to tablets on which rain clouds are de- 
picted, is brought into tlie town and carried to the entrance of each 
kiva. The head of this effigy is held over the kiva hatchway, while 
water with seeds are poured through the body, emerging from the 
mouth into receptacles held up to receive them — an act symbolic of 
water and seeds for the coming planting time, the gifts which the 
Great Serpent brings to the Zuni. To still further show that the Hopi 
serpent effigy is a god of fertilization it may be mentioned that at- 
tached to the backbone of its body there is a quartz crystal, symbol of 
the sun, and specimens of all the different kinds of seeds known to the 
Hopi. The intention of the Great Serpent worship in both pueblos 

^ cf. n. K. ITaborltin. Tho idea uf fertilizatian in the culture of the Pueblo Indians. 
IMem. Anthrop. Assoc., A'ol. II, Xo. 1, pp, l-5o. 
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is practically the same; it refers to the Sky god symbolized with 
minor differences in paraphernalia but introduced for an identical 
purpose. The Hopi, like the aborigines of Mexico, Central America, 
and the West Indies, reverenced the Great Serpent and worshiped 
the supernatural he represents as a beneficent being, who brings life, 
much needed rain, and other blessings. The serpent with them was 
not a devil or a personation of moral evil. 

Shortly after the close of the act that celebrates the arrival of the 
Sky god there occurs at Walpi a dramatic representation of a con- 
flict of supernatural beings, supposed to be hostile. This takes the 
form of a realistic fight between men appropriately clothed to per- 
sonate these beings, lined up on each side of the room, while a man 
representing a supernatural being stands in the middle of the kiva 
before the altar. As his opponents, ranged in two rows, one on each 
side, surge up against him, a spirited song is sung by a chorus, begin- 
ning with a low-intoned chant, that gradually rises in intensity until 
it becomes a war cry. Each participant has depicted on the shield he 
carries a figure of the being he represents. The man before the altar 
carries a shield with a picture of the Germ god (pi. 2) ; his op- 
ponents, various other designs. The contest begins by one of the 
attacking party pressing forward against him, as if endeavoring 
to overeome him. Back and forth for a considerable time the com- 
batants surge, each endeavoring to overthrow his opponent. Finally 
the attacking man falls to the floor overcome by sheer exhaustion, 
and in that condition is carried out of the room. A second opponent 
then advances and he, too, is overcome. This is repeated until all the 
opponents have been overthrown, some being removed from the room 
in an exhausted condition. The man bearing the shield is vic- 
torious over his enemies. During this combat there is much shouting 
and what appears to be great excitement prevails, much of which is, 
of course, feigned. At the clo^e, the triumphant man, holding his 
shield high above his head, says a prayer, the purport of which is 
a declaration of victory over all comers, or a taunt to any others who 
question that claim. As the excitement subsides, he leaves the room. 

The explanation of this event is not wliolly obvious, but the com- 
bat suggests the conflict of hostile nature powers, and recalls certain 
rites among the ancient Aztec people. 

It should be borne in mind that these events take place at night 
in a closed room, from which the people are debarred. There re- 
mains to be considered an event that occurs at dawn the next day, 
when the arrival of the Sun is dramatically represented in the pres- 
ence of the people. At sunrise there enters the pueblo a masked 
person bearing symbolic paraphernalia ascribed to the sun, accom- 
panied by two men dressed as women, each bringing a flat basket 
tray in which ears of com set on end are arranged in a circle in- 
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Alosaka (Germ God) on Sun Shield in Winter Solstice Ceremony, 

Horsehair stained red geutTaily found on the periphery of bun :;hield> b here omitted. 
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closing symbols of sprouting vegetation. As this trio passes through 
he village these symbols are distributed to the head of each clan. 

- rites in addition to those above mentioned are performed, but 
e described illustrate the more important phase of the drama — 

c combined efforts of the Sun worshipers to overcome hostile 
powers, to halt his departure, and to renew life, thereby insuring the 
growth of the corn. 

The role that sun serpent worship plays among the Hopi may be 
more clearly understood by an examination of another celebration of 
the Patki clans occurring at the end of March, near the vernal equi- 
nox. So close is this to a theatrical exhibition that it is difficult to 
determine whether it is a religious or a secular observance. Origi- 
nally, probably, it was the former, but the personations in it are so 
striking that it has been modified into a secular performance. A 
special article^ has already been devoted to the different acts, six in 
number, which last from sunset to sunrise the next day. 

The setting of the horned serpent scenario at the vernal equinox 
at Walpi is quite different from that at the winter solstice, although 
the effigies of this monster are identical in both ceremonies. During 
this celebration we have a succession of dramatic performances, each 
of Avhich crudely represents some cultural episode in the history" of 
the tribe. 

The events about to be described occurred consecutively in sacred 
rooms or kivas which at the time were occupied by spectators, the 
performers passing from one room to another performing simul- 
taneously different acts in the rooms. Each room at that time had a 
different audience, determined by clan affiliations, crowded in the 
spectators’ section or the raised part of the floor at one end of the 
chamber. The ceremonial region of the room was unoccupied save 
by the performers, who came and left before and after each act. 
During the performance the kiva chief, who controls the rites, sits 
near the fireplace at the base of the ladder, and feeds the fire with 
greasewood, the flames of which furnish the only light to illuminate 
the chamber. The performers bring their own paraphernalia, which 
they set up in the dark, the fire tender allowing the flame to go down 
meanwhile or covering it with a blanket that the preparations for 
the successive acts may not be witnessed by spectators. In the sev- 
eral acts that form this primitive drama many episodes in the cul- 
ture history of the tribe were dramatized, but I shall consider only 
those in which the homed snake cult was introduced. 

The first act, in some respects, is similar to the so-called screen 
drama of the winter solstice and is one of the most instructive. The 
spectators having assembled, the kiva chief takes his seat on the floor 

* A theatrical performance at Walpi. Proc. Wash. Academy of Science, Vol. II, 
pp. C05-029, 1900. 
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by the fireplace and soon a ball of meal thrown into the room from 
above lands on the floor, tramping of human feet being heard on the 
kiva roof. The chief calls out to those on the roof to enter, at the 
same time covering the smoldering fire with an old blanket to shut out 
the light, after which the forms of men are seen descending the ladder. 
As they enter the room with the customaiy salutation they make their 
way to its unoccupied part and in the dim light put their screen 
in place and arrange their paraphernalia on the floor. At a signal 
from them that they are ready to begin, the chief removes the cover- 
ing from the fireplace and before the astonished gaze of the audience 
there appears stretched across the rear of the room a cloth screen 
(pi. 3) upon which are painted various symbolic devices with figures 
representing Com maids, Germ god, and symbolic rain clouds, light- 
ning, and other designs. The most prominent of these are six cir- 
cular disks arranged in line across the middle of the screen to which 
each is attached. On each of these disks is painted a symbolic pic- 
ture of the sun. The screen is held upright by poles, each supported 
by a man, whose naked body is daubed with clay and who wears on 
his head a helmet covered with projections like wens. These men are 
the so-called Mudheads, Delight Makers, or the clowns. On the 
floor before the screen is arranged a miniature field of corn, each 
hill a clay cone, supporting a com plant that has been grown in the 
kiva. Prominent among the actoi*s before the screen is a man dressed 
as a woman who represents the Earth woman; there are several men 
with masks on which are wens or knobs representing eyes, mouth, 
and ears. Others similarly appareled are squatted by this screen 
along the sides of the room. Behind it are men who manipulate the 
serpent effigies soon to be described. 

The effigies of the horned serpent used in this rite are like that of 
the winter solstice ceremony; a few words regarding their construc- 
tion may be instructive. Each serpent has a head and body; the 
former a gourd, the latter made of cloth approxiriately painted and 
stretched over rings, the size of which increases from the head back- 
ward. The so-called backbone to which the head is attached is a 
stick by which the idol is manipulated. It has a ferrule just back 
of the neck, to which are attached a bag with seeds of various kinds, 
a quartz (‘rystal, and other objects. The head is made of a gourd 
painted bla(*k, in which the mouth and teeth are cut, the lips being 
painted red : from the mouth there protrudes a strip of red painted 
leather representing a tongue. The eyes are bundles of seeds done 
up in buckskin protruding like goggles from the top of the head, to 
which is also tied a bundle of feathers and a short curved horn. 
As the rite begins, this effigy is manipulated by a man stationed 
behind the screen, and is slowly protruded through the opening 
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covered by the sun disk, until it projects 3 or 4 feet in front of 
the screen. 

The act opens with a song by the chorus, and as it progresses 
the six disks bearing the sun emblems, which are seen to be hung 
by a hinge on one side, swing open from below. As they do this 
there protrudes through the openings the blackened heads of six 
effigies of the great serpent, one of which, larger than the othei^s^ has 
udders and is called the “mother serpent.” As the songs begin, 
these effigies move their heads back and forth, darting at each other 
as if attempting to bite their neighbors, while from the rear of the 
screen issue sounds made by concealed actoi's imitating the fancied 
roar of the horned serpent. As this continues, the song rises higher 
and higher, and the attacks of the serpent effigies on their fellows 
become more and more vicious. Suddenly the head of the mother 
serpent sweeps down to the floor of the I'oom over the imitation 
field of coriiy overthrowing the hills and scattering them right and 
left. These realistic movements of the snake effigies are caused by 
men concealed behind the screen, who handle their charges by 
means of a stick called the “ backbone.” After the field of corn 
has been oA^erturned and the serpent effigies raise their heads, there 
passes before them the man dressed as the Earth woman, who offers 
prayer meal as food to the enraged serjient, after which the effigies 
are withdrawn, the disks fall back in place, and the chief gathers 
up the scattered clay cones with the sprouting corn plants and dis- 
tributes them among the audience.^ 

The kiva chief stirs the greasewood fagots in the fire until the 
flame again lights up the kiva, and all is ready for the advent of 
another group of actors fresh from a performance in another kiva. 

After a long wait another act is performed, the arrival of the 
actors being announced in the same manner as before described. 
In this act a masked man, representing the Sky god, stands in the 
middle of the kiva, holding in his hands the effigy of a serpent 
about 5 feet long. When the song that accompanies the rite begins, 
the snake effigy apiiears to crawl around the man’s neck, twisting its 
body or darting out its head in a most realistic manner. In this 
proceeding the serpent is the servant of the man; it is evident that 
the effigy is controlled by the manipulator. Near the close of the 
act, when there is great excitement among the spectators and many 
loud cries, the effigy is made to sweep down on the floor over a 
miniature field of corn, skillfully arranged on the floor in the same 
manner as in the preceding act. 

An examination of the mechanism by A\hich these movements of 
the effigy are produced reveals the fact that what appears to be 

iTho ITornfrt Serpent li^ro tlie np'nt of tlio Sky ^rod. Tho act may dramatically 
represent the fertilization of the corn by the Sky god. 
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Plate 3. Serpent Screen at Walpi. 

а, Alosaka, or God of Genns- 

б, Corn maids. 

c/, Miniature cornfield, made of sprouted corn set in clay pedestals. 

£s, Embroidered katcina sash. 

/, Hawk feathers. 

/6, Unidentified bird, 

/r. Rain symbol. 

h, Uahaiwuiqti, mother of li^ ing beings: Earth goddess. 

hSf Homed Serpent effigies. 

fc. Mud heads, personations of ancients. 

kb, Beam of kiva roof. 

kk, Man blowing trumpet to imitate roar of Horned Serpent. 
ks. Extended serpent effigy being ftxi by mother of gods. 

l, Lightning symbols 

m, White ceremonial blanket. 
mt. Tray of prayer meal. 

po, Prayer olTermgs. 

Tb, Rainbow symbols. 

Tc, Rain cloud symbols. 

«, Frame supporting screen of the seri^ents. 
sd. Symbol of Sun. 

sft. Shell or gourd trumpet used to imitate roar of the Horno<l Sen**’nt. 
u, Udders oi the mother Horned Serpent. 
tc6. Ceremonial blanket 
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the left arm of the man apparently hanging naturally at his side 
is a false one, the man’s real arm being extended into the body of 
the serpent through a slit in its back ; his hand grasps a stick which 
forms the backbone of the reptile. The signification of the proceed- 
ing is evident. The personator is the Sky god with his servant the 
lightning. 

In another act in the series performed at the vernal equinox in 
Walpi we have the episode of the “Mudheads” struggling with a 
serpent effigy protruded tlu’oiigh an opening closed by a disk on 
which is depicted the sun symbol. The performance is shown in 
plate 4. 

If not too tiresome we may consider another act in this series of 
weird dramatizations. It is recorded in legends that at one time the 
Great Serpent rose in the middle of the court of an ancient village 
until his head projected to the clouds. As this monster emerged 
from the earth he drew after him an overflow of water that covered 
the whole land, and drove the inhabitants to the mountains. When 
a flood covered the earth, the chief of the village, speaking to the 
serpent, whose head was in the zenith, said “Why do you thus de- 
stroy my people?” The snake replied, “You have a bad man, or 
wizard, in your number who bewitches you. I Avill not return to 
earth until you sacrifice to me your son.” Sorrowfully the chief fol- 
lowed this demand for the relief of his people and threw his son into 
the water, and the serpent sank into the earth, dragging after him 
the flood that he had brought. Upon this legend is based the act of 
the Hopi drama at the spring equinox, which is dramatized as fol- 
lows : 

After the same preliminaries that precede other acts, while the 
room is dark, a new set of actors descend the ladder and place on the 
floor near the ceremonial opening two pottery vessels (pi, 5), on the 
sides of which are painted pointed star emblems, symbolizing the 
sky god. The openings of these jars are closed with semicircular flaps, 
four in nmnber, attached to the rims of the vessels. The chorus, 
seated around these vessels, are the clowns who wear hideous masks 
covered with clay balls; they are supposed to represent archaic men 
who peopled the earth before the advent of the present race. Tliis 
act, like the othei'S, is accompanied throughout with song; and as 
the singing rises in volume there emerges from each jar the head of 
a serpent effigy, which mounts to the roof of the kiva, dragging its 
body behind it until its whole length is visible. 

Thej^ do not leave the bowls, being attached to the rims. They be- 
gin to twist their bodies together and appear to bite at each other 
as if angry. They even bend down and sweep over a miniature field 
of com arranged on the floor, after which they slowly sink back into 



508 


ANNUAL EEPOET SMITHSONIAN INSTITUTION, 1918. 



Plate 4. Struggle oe Serpexts and Mltdhead^, 


C(i, Cedar boughs concealing the man who manipulates the serpent effigies, 
/p, Flame fronl fireplace. 

JiSf Homed Sequent effigies. 

hj Mudheads; ancients (man and boy). 

kby Banquette of the kiva. 

ly Symbol of lightning. 

rcy Symbols of rain clouds. 

sdy Sun symbol raised to horizontal position. 

sr, Ridge of sand for supporting the screen. 

t/, Turkey feathers. 
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the vases from which they have emerged. I'he means by which this 
is done cannot be discovered in the darkened room, but invisible 
horsehair or other strings attached to the heads and bodies of the 
effigies pass over the beams of the kiva roof, and down to the hand 
of the singers. AVhile with one hand these men shake their rattles in 
accompaniment to their songs, with the other they manipulate the 
serpent in realistic movements. It is apparent that this act repre^ 
sents the serpent destroying the planted field, possibly by a great 
flood, as recounted in the legend given above. 

The episode represents in a more or less complete form a myth 
wffiich is said to have originated in the far south, and which is 
still current in modified form among the Pima and Papago, supposed 
to be descendants of the ancients who once peopled the massiA^e walled 
ruins, of which Casa Grande is the recognized type. The horned 
snake represents among the Pima as among the Hopi, the Sun god, 
called Tcuhii Montezuma **), who taught mankind how to irrigate 
fields for cultivation and to build ditches to distribute the water of 
the Gila over their thirsty farms. It is said that this being controlled 
the Avaters of the Gila, and that lie was Avorshiped. A story re^ 
counts how he took a hair from his head and drawing it through his 
mouth laid it on the ground so that one end touched the channel 
through Avhich the river noAV flows. He took another hair or feather 
and drew it through his mouth and laid it parallel to the first, and 
so on until he had marked out the land in sections. AATieii that had 
been accomplished he spoke a Avord and each of these hairs or 
feathers became a serpent, and later an irrigating ditch. The 
channel of the river itself became the great serpent, and that is 
Avhy,’' added the narrator, we Avorship the riA^er in the form of a 
serpent, and on this account we make frequent sacrifices on the banks 
of irrigating ditches.” AATien this cult Avas transported into the arid 
mountains of Hopi. Avhere riA ers are unknown, except in the rainy 
season, it still persisted, but, like many survivals, the environment 
and object of the Avorship Avas changed: the serpent became the rain 
god, or the agent of the sky, in causing rain to fall on the crops. 
This myth is perpetuated in the dramatic festival at the vernal 
equinox. 

The cult of the Zuni horned serpent, IvoloAvissi, has a close 
resemblance to that of the Hopi, suggesting that it Avas probably 
derived from the same source, or the former inhabitants of Aullages 
now in ruins along the Little Colorado. AVe owe to Mrs. SteA^enson a 
description of the rites observed Avhen the effigy of this being is car- 
ried to the Zuni kivas, from which it looks as if the Zuili horned 
serpent, like the Hopi, is an incarnation of the Sky god and has the 
same function. At certain times in the<e rites the Zuni effigy is made 
to vomit water and all kinds of seed at the command of the Sky god. 
The Zuni drama of the advent of the horned serpent occurs at the 
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Plate 5. — Serpent Effigies Rising from Jars. 


a. Head of effigy of Honied Serpent. 
h, Vases, receptaek'b for effigies. 
cd, Cedar boughs. 

c / , iliniaturc field of corn made of sprouted corn plants in clay pedestals. 
Eyes. 

/, Feathers of hawk. 

/r. Falling rain painted on jars. 

A, Horn of Horned Serpent. 

TCy Sjmbols of ram clouds. 

s> Strings used m manipuUtiri ^ snake effigies. 

ift, Star symbol. 

t, Tongue of Horned ^ erjient. 
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same time the sun ceremonies are celebrated among the Hopi, and 
sun symbolism is prominent on the paraphernalia used at that time. 

The horned serpent called Avanyu is the main idol in the winter 
solstice altars ^ of the Tewa pueblo, llano, two of which are manu- 
factured each year of clay and laid on the floor back of the sand 
paintings (pL 6). Dramatic rites are performed before this altar 
and the sun is suggested by the stick called sun ladder (pi. 11) in the 
rear of the altar. 

The Tewa Avanyu, like the Hopi horned serpent, represents the 
great power of the Sk) , the male fructifying element, father of all 
life, personated by a clay image. The six horned serpents of the 
Tewa, ascribed by some authors to the different cardinal points, 
is a parallel conception with the six horned serpents of the Hopi. 
They are not different beings, but the same Sky god localized. 

The worship of the power of the sky as symbolized among the 
Pueblos by a great plumed or horned serpent sheds a light on the 
reverence which the Mayas and other Central American cultures of 
prehistoric times paid the powder they personated as the phuned ser- 
pent (Kukulkan and Quetzalcoatl) whose many representations occur 
on prehistoric buildings devoted to worship in Mexico and Central 
America. There figures of the great serpent symbolize the same 
great male power of nature as the rude figurines of the Hopi. Prof. 
E. B. Tylor has shown that Quetzalcoatl represents the sim, but the 
meaning of his cultus is much deeper. Quetzalcoatl symbolizes the 
same conception as the plumed serpent of the Hopi, not the sun 
alone but the great father of all life, the male fructifying power of 
nature of which the sun is a visible representative of an attribute. 

In some of the Hopi festivals the worship of the horned serpent 
seems to be hopelessly entangled with another characteristic of a 
less highly developed culture. I refer, of course, to the flute festival 
and its relation to the well-known snake dance of the Hopi. This en- 
tanglement is clue to mutual acculturation of the Horn, Snake, and 
Flute peoples, the latter of which came from the same region as 
the Patki people who introduced into Hopiland the plumed serpent 
worship. The confusion is increased by the introduction of living 
reptile worship in the snake dance. It is well, therefore, to consider 
this relationship. 

There are at Walpi two great midsummer ceremonials unconnected 
with the gi'eat serpent cult which alternate in August each year — 
one, the snake dance, occurring in odd years; the other the flute 
dance, that is performed in even years. The former shows few ob- 
jective evidences of Sky serpent worship; the latter contains many 
personations and symbols of that cult, due to an ancient association 
of the Horn and Snake clans ; the union of the former with the flute 
clans antedating the reparation of Snake and Horn people. 

1 Winter solstice nltars at llano. Amer. Anthrop., n. Vol. I. 1S99. 
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а. Clay image of tlie Tewa Horned Serpent. 

б, Medicine vase. 

Cf Necklace and teeth, made of com kernels. 
e, SjTnbohc cornstalks. 

/, Turkey feathers. 

gs, Gaming reeds, 

h, Horn of Horned Serpent. 

I, Lightning symbol made of sand on floor. 

If, Lightning framework made of wooden slats. 

n, Eagle feathers placed at entrance to the kiva to warn away the uninitiated, 

nb, Clay ball to support eagle feathers. 

s, Waterworu stones used as fetishes, 

si, Symbol muide of wood of sun ladder. 

sm. Dry painting made of sand on the kiva ti^wr. 

sp, Spear or arrowhead of stone. 
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In the preceding pages the essential elements of sun worship in 
the Hopi ceremonies ascribed to southern colonists and those of 
llano and eastern extraction have been considered, and these may be 
said to represent forms of solar idtes among these people; but 
there are still other forms of sun worship that are said to have 
been introduced by other people that make up the heterogeneous 
population. Among many others may be mentioned the so-called 
Katcinas, where we have a set of rites not as complex, but perhaps 
more primitive. These beings among the Hopi represent ancestral 
personages, or clan ancients. The sun is regarded as the father of 
both Katcinas, or those who have passed on, and men and women 
still living. As it is supposed that human beings that have died and 
now live in ghostly communities have greater powers to aid the 
living, they are appealed to and influenced by magical processes and 
they are conjured from time to time to return to the village and 
aid their descendants or living survivors. The occasion of their ar- 
rival is a gi'eat festival, at which, a-fter having been prayed to, they 
depart for their home in the underworld, where the spirits of the 
dead are supposed to dwell. The dramatic representation of their 
advent and departure is celebrated by an elaborate dramatization, 
commonly called a dance, in which masked personations of these 
beings appear. Xt this time appears also a representation of the 
Sky god, who leads the Katcinas into the pueblo. As the dead are 
supposed to follow the setting sun to his home in the west, the 
entrance to the underworld, the Katcina departure is also dramat- 
ically represented when they leave the pueblo. The advent of the 
Katcinas is accompanied by a personation of the sun, their leader, 
just as on the departure of the personated dead from the village the 
sun accompanies them to his western home. 

The representation of the arrival and departure of the sun and 
his followers occurs annually in February and Jidy, the former 
naturally beginning before sunrise, the latter at sunset. In the 
celebration of the arrival of the Sun god^ leading the clan ancients, 
or Katcina'^, two men retire, early in the morning before sunrise, 
to a shrine situated east of the town at the head of the trail, to 
dress in an appropriate maimer. One of these (pi. 7) arrays him- 
self to represent the sun (the horned serpent symbolism is absent t, 
while the other serves as his guide, which is practically necessary 
on account of the size of the mask which his companion wears. These 
two men time their entrance into the pueblo in such a way as to enter 
it when the sun ri'-es. They proceed in turn to all kivas or sacred 
rooni'^ and the hou'^es of the foremost clans. The man jiersonating 
the >un (ph 7) carrie-^ in one hand a bundle of sprouting beans and 

^ Sky-Oorl pMrsonations in Hopi Wor<;hip. .louni Amri- Folk Loro, yol in, This 

artu’lo is limited to prr'<oniitioiis by men, wh('reas the present supplements it with 
repro^esitations by serpent t'ffigies. 
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PT^ATF. 7. ThK PCX riup OF Tiu: Kvtcina*^. 


а, Personafion of the returning ^nn f:od uf thf^ Kaicm.i>. 

б, Woman standmir in doorway of honn- 1 d hy departing 
c, Shell tinkler? on legging? of Sun god. 

cJi . Ctremonial 1 ‘lankc t. 

ck, ( rook, symbol o! the offering to the Sun god. 

f, Spioutiiig bean? and vine?, symbol? of fnictifiOation. 

/. Feather. 

/?, Fox skin. 

g, Cereiiioriiiil kilt. 

A, S', Stained rod horsehair, symbol of sun's rays 

k, r.mbroklered edge of ceremonial kilr shoVv'iii'g r am loud iu\>\ fih.ua i in sxmbob 
/, Ladder. 

m. Wail of house. 

n, >tone ?t.iir? to upper rooms. 

0 , Star symbol. 

p, Symbol char actenstic of Sun's di?k. 

Eagle beak r haraeteristie of Sun s disk. 
sf, Maff With symtKils of old man, Snn. 
t/f Eagle feathers. 
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corn, and in the other a badge of his office. He performs the follow- 
ing rites at each house : Approaching the doorway, he is met by the 
oldest woman in the house, who throws a pinch of sacred meal on 
him, uttering a prayer for desired benefits. The personator in re- 
sponse makes six silent bows, turning first to the rising sun and then 
to the woman, to whom he repeats the same, after which he hands 
to her several kernels of sprouting beans as a symbolic promise in 
answer to her prayer. He then makes with sacred meal four up- 
right bands on the side of the doorway, after which he departs to 
repeat the same proceeding at the next house. This occurs at the 
door of every ancestral room throughout the pueblo and at all the 
kiva hatchways. Having done this he departs, and in time 
there enters the pueblo from the east a line of masked men repre- 
senting the masked clan ancients or Katcinas, who perform an 
elaborate rhythmic dance. These clan ancients, led by the Sun 
god, are supposed to have now returned and remain in the neighbor- 
hood until July, when they depart, at which time an event called 
the farewell dance^ is celebrated. 

The celebration of the advent of the Sky god followed by Kat- 
cinas at the pueblo Sichomovi differs somewhat from that at TTalpi 
above described, mainly because this pueblo is of Zuili derivation, 
being modified by personators of bird gods from the neighboring 
pueblo, TTalpi. The leader is here called Pauatiwa (Zuni name) 
and represents the Sky god ; the Katcinas that follow are known by 
Zuili names and wear masks decorated with Zuni symbols. 

The well-known Snake dance of the Hopi, in which rattlesnakes, 
called the elder brothers of the Snake fraternity, are introduced, is 
quite different from the horned serpent and Katcina worship de- 
scribed in the preceding paragraphs. It^^ present survival in the 
Hopi region and its known existence at Keresan pueblos, Sia- and 
Acoma, in historic times, we may ascribe to colonists whose ancestors 
came from the same area. It is preeminently the cult of a moun- 
tainous region, or a northern canyon culture, which spread to the 
south where it survived into the historic epoch. 

The two cults — that of the horned serpent and that of the Snake 
dance — are regarded as radically different. In the latter the incar- 
nation of the Sky god in various forms, as birds or horned vser- 
pents, plays no important role, while in the former there is abun- 
dant symbolism indicating bun worship, bO called. The Snake dance 
of the Hopi is not primarily a Sky god cult, but rather a form of 
ancestor worship, in which the mythic Snake maid and the Snake 
youth figure prominently. These have been identified as rexiresenta- 

lA Few Summer Ceremonies at the Tusayan Pueblos. Journ. Amer. Eth. and Arch., 
Vol. II, pp. 69-108, 1892. 

2 Tusayan Snake Ceremonies. ICth Kept. Pur. Amr'r. Eth., p. n09, 180T. 
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tives of the Earth being, or Corn maid, and the Sky god, but the 
conception they express is radically different from what we find 
in the horned serpent cultus. In the Snake dance of the Hopi Ave 
haye a family ceremony in which the reptiles as elder brotliers are 
gathered from the fields to receiye the prayers of their living de- 
scendants. They are prayed to as the offspring of ancestral beings, 
and are supposed to have more poAATi*. in influencing the gods who 
cause the crops to germinate and mature, than the living or human 
descendants of the same parents. Throughout the legend that ex- 
plains the Snake dance l)oth sky (sun) and earth play their j^arts: 
the former guides the Snake youth through the underworld, and 
OA^er the sky; the latter is his mentor, the Spider Avoman. 

The prayers at the time of the Snake dance ahvays present the de- 
sire of the ITopis for rain to Avater their farms that corn may groAA^ 
and yield abundant harvests. Nowhere throughout the rite do aac 
find any idols of these tAvo culture ancestors, but they are repre- 
sented bA^ a boy and mrl in the dramatization of the Snake rnAdh, 
as recorded in my acccnint of the Snake ceremonies at AValih.^ Un- 
like the Katcinas, the participants do not Avear masks and no repre- 
sentative of the Sky god leads them into the Aullage. 

Nowhere in the Hopi ritual do ^ye find more in^ructiAV example^^ 
of solar and sky Avorship than in the so-called Flute dance,^ Avhich has 
be,en modified by elements of the Snake dance. It Avould be germane 
to this discussion to indicate the points of relation betAveen the myth'^ 
and rites ot the Flute and Snake priests, but it Avould take one too 
far from the immediate subject in hand. The objective symbolism 
dealing with sky Avorship found on one of the altars of the Oraibi 
Flute festival is Avorthy of analysis. 

The most important idol of one of the Oraibi Flute altars (pi. S) 
is identified as the Heart of the Sky/' another name for the sky 
power. This idol bears a horn on the head resembling that ap- 
pendage of the horned r^erpent effigies. Its lower limbs are deco- 
rated Avith zigzag figures that symbolize the lightning, and there 
are other symbols on this idol that suggest the Sky god. On the 
sides of this image are idols of the Flute youth and the Flute maid, 
to which the prayers of the Flute priests for rain and the fertiliza- 
tion of the farms for good harvest are especially directed. The sym- 
bol of the sun is worn on the back of a priest in their march (pi. 9) 
from the Sun spring to the pueblos on the last day ’ of the Flute fes- 
tival. In the myth of the Flute fraternity there are constant ref- 
erences to Sky and Earth god Avorship in the underAvorld. Avliich are 

' Snakf^ Ceremonials at Walpi. Jonrn. Amer. Ethnol. and Archaeol., Col lA*. 1S04. 

- Tb(' AValpi flute OU'servancc. A Study of Primitivn Dmmati/.iuion. Journ. Ara< r, 
Folk I-iOre, A'ol, ATI, Xo. 21, IS 04 The Oraihi Flute Altar .Tourn Amer. Folk Loro, A’ol. 
ATII, Xo. 31. The Miconinovi Fiutt Altar, Journ. Amer. Folk Lore A’ol. IX. Xo. .1.1, 1S06. 

sTiisayan Snake and Flute Ceremonies lOth Rept. Bur Amer Eth. 1001. 
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rudely dramatized in the ceremonies, showing how important these 
nature po^vers are regarded. Although sky worship related to that 
of the horned serpent of the Patki clans appears in the Flute rite, 
mythologically and ceremonially, the Flute legend and rite resemble 
tho-e of the Snake dance. These likenesses can be explained by 
legends that the Flute clans formerly lived with the Patki people 
and have mutually modified each othei\ It is instructive to note also 
that the Flute, like the Snake rite and that of the horned serpent, 
occurs in midsummer or near the summer solstice, which is a critical 
epoch in the calendar of all agricultural people. 

There occur among the ITopi a few rites about sand pictures of 
the Sun made on the floors of the kivas. One of the most typical 
examples of these minor rites occurs in the pueblo Oraibi preceding 
the return of the Katcinas, or a few days ])efore the advent of the 
personation of the Sky god which has been described above. The 
sand painting, a foot and a half in diameter, bounded by four 
concentric circles of difierent colored sand, incloses a central area 
in which is represented the. prescribed .winbol of the sun. On cpiad- 
rants of this circular figure there are representations in sand of four 
arrowheads, each of the color corresponding to the direction of its 
quadrant, and also four parallel lines, symbols of feathers. After 
certain preliminary rites, as exchange of terms of relationship, cere- 
monial smoking and prayers, songs are sung during which the chief 
takes a flat bowl, perforated with small holes, and sprinkles the sand 
picture several times with inedicine,'" at the ^ame time invoking the 
go Is of the four cardinal points. 

In the course of this rite a quartz crystal is deposited on the 
face of the sun represented in the sand picture, but before it is 
placed there one of the priests, mounting the ladder and standing 
at the entrance to the kiva, reflects a ray of sunlight upon the picture. 

The object of the rite is to convey their desires to the Sky god by 
sympathetic magic. Instead of asking the Sun god to send the 
rain, the priests show by action and gestures what is desired, the 
retlected ray of light from the sun being the induction of the power 
of the Sky god into his image. 

This throwing of the .'-iin's ray into a medicine bowl by reflection 
from a rock crystal is repeated in other rites in the same way as 
mentioned above, even when there is no sand picture of the sun. For 
instance, it occurs in the rite around what is called the six-directions 
altar, constructed in the following way: After having spread out 
on the lloor a laver ot vallev sand, the priest makes six convercrino’ 
lines (it i^acreil meal, one ot which represents the north, another the 
webt, aimther the bouth. another the eabt. and two others the above 
and below. At the point of convergence of these lines is placed 

iSijO-'o’- -20 :!-l 
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a. Heart cf tlie Pky: anthropomorphic form of Horned Serpent; the zigzag symbols represent hghtning; 
cephalic horn: v.iugs, rc; prayer emblem, po, breath feathers carried in left or ceremonialhand. 
c, Corn slabs of vzood. 
cf. Corn flowers. 

cm,C orn mosaic, made of kernels of com . 

/. Heads of grass seeds. 

fh. Idol of riute hero, ofterings in left or ceremonialhand. 
g, Unknoi%'n objects. 

It kightning symbol. 

Symbolic* com plant. 

Pf 'Wooden base of symbolic com plant, 
po. Tray er feathers, 
r, Falling rain. 

Sf Wooden rod supporting altar framework. 
sm, Sand iuo<?aic. 
tb, Bird. 

Mound of sand to support badge of flute chief, temporarily removed. 

Medicine vase. 




(Drabj at Oraibi. 
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an earthenware bowl containing the “ medicine.” At the extremity 
of each line is an ear of corn of the color corresponding to 
the direction indicated by these lines; yellow corn for the north, 
blue or green corn for the west, red corn for the south, white corn 
for the east, speckled corn for the above, and black com for the 
below. On each one of these ears of corn is laid a stone and a drop 
of honey. The object of the stone is to indicate that the worshipers 
wish the corn to be hard ; that of the honey is to ask for sweet corn 
of the different colors. 

In the course of the songs and prayers about the six-directions 
altar, petitions are made for abundance of maize, during which, in 
sequence, each ear is solemnly raised by the priest, dipped in the 
medicine, and the adhering drops shaken off in the direction in- 
dicated by the color of the corn, the stones being left in the medi- 
cine. At the conclusion of this rite the priest takes a quartz crystal, 
mounts to the entrance of the kiva in the roof, and reflects a ray 
of sunlight into the liquid contained in the medicine bowl. 

There are here three different kinds of sun worship due to the 
northern, eastern, and southern components of the Hopi ritual, but 
what is said here must be very general in nature. The northern com- 
ponent is, of course, the cult with the living snakes or the famous 
Snake dance. There are no masked dancers in the Snake dance, no 
uprights to the altars unless the painted slat called the “ butterfly 
tablet be so regarded r no anthropomorphic idols except the two on 
the Snake altar at Oraibi: no prominent plumed serpent or Sky god 
worship. The cultus hero and heroine are personated by a boy and 
a girl. This cult is simple as compared with those from East and 
South. 

The cults of eastern and southern provenance have more in com- 
mon: the Katcinas, derived from the East and South, personify clan 
ancients led by the Sky god, both personated by masked men. The 
Katcinas have elaborate altars with idols, as in their equinoxial and 
solstitial worship the Patski people have elaborate effigies of the 
horned serpent, corn maids, germ gods, and the like. There are 
many minor differences, as presence of clowns, multitude of prayer 
sticks and the like, but cults of eastern and southern derivation are 
evidently higher in development, more varied or more differentiated, 
showing that the Snake dance bears every evidence of being not only 
a simpler form of worship, but also distinct in its geographical origin 
from the others, as the Hopi claim. We may call it the cult of the 
Tcamahias or ancient people of the San Juan ruins, strongly repre- 
sented in pueblos of ancient and surviving in pueblos of modem 
Kercsan stock. 

In many of the public sacred dances in Hopiland there appears 
among the participants a personage ^dio bears on his back a shield 
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on Avhich is depicted the sun emblem (fig. 1 and pi. 9). This appears 
in certain dances that are worn down to their essential features, hav- 
ing loht in the course of time subsidiary rites which legends declare 
formerly accompanied them. Take, for instance, the Buffalo dance. 
Buffalo hunting was common among some of the ancestors of clans 
that now lire with the Hoj^i, but in the course of time these clans 
migrated into a region where the buffalo no longer ranged. Natu- 
rally, the buffalo cult declined and their great ceremony assumed a 
contracted form as compared with the original. It has, in fact, be- 



Fig. 1.— Sun Emblem (horsehair stained red omitted). 


'■oiue a spectacular dance of one clay's duration, in frliicli appear a 
girl called the Buffalo Maid and a hoy called the Buffalo Youth 
(pi. lU), the cultus heroine and hero of the Buffalo cult. On the 
back of the Buffalo Maid is an elaborately made symbol of the sun, 
while the youth carries a zigzag stick representing the lightning. 
The signification of these two symbols is api)aront; the Buffalo Maid 
is the daughter of the Sun or the Sky god, and the Buffalo Youth 
the agent who wields the lightning that fertilizes the earth to produce 
buffaloes, a modified form of the elaborate drama already described. 
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Plate 10. Buffalo Youth and Maid. 


6A, Cap made of buHalo skin. 

bs, Skin, symbol of buffalo disguise, formerly a buffalo skin. 
cb, Ceremoniuil blanket, embroidered. 

dk, Ceremonial dance kilt witb embroidered rain clouds and falling rain. 
h, Horns of buffalo. 

k, Ceremonial kilt. 

l, Stick symixilically representing li ^htning. 

771, Moccasins with fringe. 

po, Prayer feathers. 

Tt, Rattle. 

s, Symbol of the sun. 
slf Sun ladder, prayer stu k. 
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One more fact might be mentioned in regard to this abbreviated 
Biilfalo dance, namely, that the prayer offering (pi. 11) made after 
the dance at the Sun shiine has a very unusual form. It is, in fact, 
a miniature notched ladder about 0 inches long, adorned with feath- 
ers, in imitation of the prayer stick which is placed in the Sun shrine 
at the east. The recognized object of this strange offering is to aid, 
by sympathetic magic, the Sky god in rising, as recounted in an 
elaborate legend to which the legendists of certain clans refer when 
asked to account for this form of sun worship among the Hopi. 

Studies of the idols of the great serpent, taken in connection with 
Hopi myths and modern ceremonial survivals and symbolism, lead 
to the conclusion that the great serpent effigy or idol on Hopi altars 
is the personation of the power we commonly call the Sky god. This 
powez*, or the fructifying principle of nature, becomes manifest to 
man as the lightning, but is visible also as the sun, which has its 
appropriate symbol and personation. Hence, Sun worship and great 
serpent worship are indissolubly connected and by some are thought 
to be identical. They are not the same, but regarded as different, 
being directed to attributes of the same supernatural being and 
therefore aspects of the same worship. This power is called b}" as 
many names as the personators assiune. 

When we analyze the meaning of the great serpent represented by 
God B of the Maya codices or horned serpent figures on shell and 
other objects from the Mound Builders ^ indicating a similar sym- 
bolism, we find evidences of the same conception of a great power 
sometimes called the Sky god, the gi’eat male power that creates, 
among other things, life and light. 

The worship of sun or sky is pronounced in certain individual 
and secular customs of these people. If he visits any of the dwell- 
ings where there is a newly born baby a few days old, the observer 
will notice on the wall of the room near the fireplace a number of 
parallel scratches a few inches long made by the thumb-nail. Every 
da}^ after birth the mother of the baby makes an additional scratch, 
until they are 20 in number. On the evening of this day begins 
the rite of consecrating the baby to the sim and giving him a name. 
In order to see this rite one should spend the night in the room, 
where he is always welcome, as many of the preliminary events 
occur before sunrise. About 4 oYdock in the morning the grand- 
mother, or the oldest woman member of tlie family, prepares for the 
event. The room is carefully swept, the baby washed, its face cov- 
ered with sacred meal, an ear of corn tied to its breast. This ear of 
corn is the symbolic mother of the child, and is carefully preserved 
tlirough its life. Shortly before sunrise the father seats himself on 
tlie east side of the roof, completely muffled up in a blanket with only 

J Also tl 0 jrroat srrpaiif- mouTii] of Ohio 
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his face showing. He carefully watches the point of sunrise, and 
as soon as he sees the light of the rising sun he gives the signal that 
the time has come for the dedication of the child. There then 
emerges from the room a procession, led by the mother of the child, 
and followed by the grandmother, or oldest woman of the clan, who 
carries the baby strapped to one of the primitive cradles charac- 
teristic of these people. The mother traces along the roof a line of 
sacred meal extending from the entrance of the room to the place 
where the father is seated. The grandmother follows her daugh- 
ter holding the cradle in such a way that the head of the child will 
not diverge on one side or the other from this line, the purpose 
being that the life of the child may not be crooked, but morally 
follow the symbolic straight line drawn by the mother. The two 
women are attended by the other relatives of the family, mostly girls 
and women. As the head of the procession approaches the father, 
which is so timed that the sun has just appeared above the horizon, 
the grandmother holds the baby up to the sun, and the mother says 
a short prayer, dedicating her child to the being she regards, as do 
all pious Hopi, the father of all life, at the same time adding the 
name which she desires her child should bear. At the conclusion 
of this simple ceremony all return to the household, where a feast 
lias been provided. The baby being the honored person, is placed 
at the head of the two lines around the bowls of food, but before 
anyone begins to eat the mother takes in her hand a pinch of every 
kind of food and throws it in the fire, with a prayer to the gods of 
the hearth. She then returns to the food bowls, takes a second 
pinch of all the different kinds of food provided in the feast, and 
cai-rios it to the baby, ifiacing it in its mouth. The signal is then 
given and all those present, augmented by many others wlio perhaps 
were led to the household for that purpose, begin the feast. 

This dedication of the baby to the sun is tlie first of several rites 
which occur in the individual life of every Hopi. 'When the child 
arrives at years of discretion it is customary to impart to him the 
knowledge of his relationship to supernatural beings. In other 
words, up to that time children have been taught to believe that the 
personations of Katcinas are gods that from time to time perform 
their elaborate dramatization in ceremonial dances. It is deemed 
necessary to impart to youths the fact that the priests who per-onate 
these beings are their own relative^, but this Imowledge must l>e ob- 
tained by a flogging, or by personal sutt'ering. The rite of flogging 
the children is complicated, and has becm elsewhere described, but it 
siifficefs our purpose here to mention the fact that the person who 
flogs the children represents the Sun god. The whole ceremony is 
explained by an ancient legend whicli is somewhat as follows, omit- 
ting details not germane to our subject. 
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In very old times, the legend states, before the seeds of corn and 
other food which form the diet of the Hopi were brought to man- 
kind, thereby changing their cultural condition, the announcement 
of this gift was made to a gathering of people who sat aroimd a 
large sacred stone bemoaning their lot. A voice issuing from be- 
neath the stone, called to the bravest of them to go down into the 
bowels of the earth to meet the God of Germs. No one of their 
number dared to accept this invitation save a young man not yet of 
high standing in the priesthood. He replied to the voice, ‘^What 
shall I do to enter the underworld? ” and the voice replied, ‘^Put 
your hand on the rock before you.” The boy immediately did this 
and a cleft appeared, widening into a passageway through which he 
descended. 

He passed into the underworld and there entered a beautiful room 
adorned with sea shells, turquoises, and other objects dear to the 
Hopi heart. In the middle of the room was the god resplendent in 
his costuming, wearing about his loins a girdle made of red horse- 
hair, holding in one hand the shield of the sun and in the other 
a whip made of the yucca. As the boy approached this being he 
was greeted with the words “ You are welcome here, but you must 
endure much suffering before you depart. If you are brave of 
heart you will carry back to your people gifts of great value.” 
AVithout hesitation the boy advanced and said, “ I am ready for any 
ordeal/' Immediately after, the god raised his whip, which, like 
a stroke of lightning, descended on the bare back of the youth. 
For some time this went on until the boy was almost exhausted 
with loss of blood, but he still kept his brave heart, and at the 
close the gods presented him with a prayer plume with the words 
^•Annually you must plant this stick in my shrine in the upper 
world and I will bring you all the gifts of nature as a reward. You 
must perform this initiation ceremony with the youths of age in the 
village, dressed in the same way as the sun, and singing the same 
songs which you have here heard. As a proof that I will aid you, I 
give you here a bundle of seeds which you shall jdant yearly. Put 
your han<l upon the rock above you.'" As he obeyed this command, 
the rock opened a passageway and the boy passed out to his sorroAv- 
ing friends. The passageway then closed, and the boy put his hand 
again on the rock, luit it did not open, although the impression of 
that hand i> still pointed out on a rock in the valley below. AATien he 
emerged from the underAvorld, he told the assembled men nothing of 
his adA^enture other than that every year the boys and girls of a cer- 
tain age should gather together in the kivas and he Avould perform 
the mysteries of the initiation through AA^hich he had already passed 
in the underworld. ^•And that is A\diy,” added the narrator, “every 
year in February the personators of the Sun god ffog our children 
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that they may be brave of heart, and that the Sun god in turn may 
bring his blessings of abundant crops and fertilizing rains.” 

The last ceremony in the individual life of a Hopi is also con- 
nected with the worship of the sky power, or his personation, the sun 
god. After death the deceased is mourned for a limited time by the 
relatives, during which there is placed over his face a wad of cotton 
batting called a mask, in which are pierced two openings for his eyes, 
and he is addressed as follows : “ You have become a Katcina. Aid 
us in bringing the rain, and intercede with the gods to fertilize our 
farms.” It will be noted that the dead is addressed by the same 
name as that given to the ancestral personations, which play such a 
prominent role in the worship and ceremonial dances of the Hopi. 
After other rites, which need not be mentioned at this time, the 
corpse is wrapped in blankets, in a contracted position, the knees 
brought to the chin ; carried down the mesa by the oldest man of his 
clan, accompanied only by one or two male relatives, and deposited 
in a sitting posture in a rudely made grave among the rocks of the 
foothills. The corpse is placed looking toward the east, and for 
four days bowls of food and prayer offerings are placed over the 
grave, but the place of burial is known only to the intimate rela- 
tions. It is the belief of the Hopi that the spirit of the dead 
remains in the grave four days, and that the “ breath body ” of the 
food placed there is for the consumption of the spirit, or “breath 
body ’ of the dead ; but at sunrise on the fourth day it is thought to 
emerge from the grave, and is supposed to follow the sun in its course 
to his house in the west, which is situated beyond the horizon, indi- 
cated by a notch near the San Francisco Mountains, and on to the 
abode of the dead. The object of placing the dead facing the east 
is that he may see the sun when it rises and be able to emerge from 
the grave in time for the journey. Under guidance of the sun. the 
“ breath body ” enters the underworld, and is received by the ghostly 
inhabitants which people it, for this is the abode of the dead, and the 
Sky god is a ruler of that world, in the Hopi conception. It may be 
said incidentally that the occupations which the apotheosized pur- 
sue are practically identical, in their conception, with those of the 
quick in the upper world. Tliey not only perform the same secular 
work as on earth, hut aho engage simultaneously in similar cere- 
monies, and at times communicate with them through a hole (sipa- 
pu) in the floor of the kiva. returning from time to time as already 
described in those dramatic dances known as the Katcinas. It will 
thus be seen that in individual rites from birth to death the worship 
of the Sky god, in the form of the Sun god, is always present in the 
Hopi mind, as well as in their great dramatic ceremonies. 



A CONSTITUTIONAL LEAGUE OF PEACE IN THE 
STONE AGE OP AMERICA. 

THE LEAGUE OF THE lUOQI'OlS AND ITS ( 'UXSTITUTIOX. 


iJy. J. N. I>. IliAYlTT. 
Bureau of American KthnoJoijij, 


In the Stone Age of America the Mohawk, the Onondaga, the 
Oneida, the Cayuga, and the Seneca, five Iroquoian tribes dwelling 
iji the central and the eastern regions of what is to-day the State 
of Xew York, established a tribal federation or league, with a care- 
fully prepared constitution, based on peace, righteousness, justice, 
and power. These fi^ e Iroquois tribes spoke dialects of the Iroquo- 
ian stock of languages, which is one of about 50 spoken north of 
IMexico. 

After more than four years of a world war, characterized by 
such merciless slaughter of men, women, and children, b}" such 
titanic mobilization of men and weapons of destruction, and by such 
hideous brutality, that no past age of savagery has equaled them, 
the peoples of the earth are now striving to form a league of nations 
for the expressed purpose of abolishing tlie cau.ses of war and to 
establish a lasting peace among all men. 

So, of more than passing interest is the fact that in the sixteenth 
century, on the Xorth Ameiican Continent, there Avas formed a per- 
manent league of five tribes of Indians for the purpose of stopping 
for all time the shedding of human blood by violence and of estab- 
lishing lasting peace among all known men by means of a consti- 
tutional form of government based on peace, justice, righteousness, 
and power, or authority. 

Its founders did not limit the scope of tliis confederation to the 
five Irocpioian tribes mentioned above, but they propo'^ed for them- 
selves and their posterity the greater task of gradually bringing 
under thi-; form of governiiieiit all the known tribes of men, not 
as subject peoples but as confederate-. 

The proposal to include all the tribes of men in such a league of 
comity and peace is the more remarkable in vieiv of the fact that 
that Avas an age of fierce tribalism, who^^e creed Avas that no person 
had any rights of life or property outside of tlie tribe to Avhose 
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jurisdiction he or she belonged, and that every person Avhen beyond 
the limits of his or her tribe s protection was an outlaw, and com- 
mon game for the few who still indulged in the horrid appetite of 
cannibalism. So that the doctrine of the founders of the league that 
all persons by adopting their formulae could forego the shedding 
of human blood and' become related as ^‘fathers” and '“‘mothers” 
and “sons'" and “daughters,'" in the terms of Iro(]uoian kinship and 
affinity, was revolutionary and most disturbing from the viewpoint 
of this intense tribalism. It was the central teaching of Deganawida, 
the great statesman and lawgiver of the Iroquois people in the six- 
teenth century, that out of the union of a common motherhood and 
a common fatherhood arise the daughtership of all women and 
the sonship of all men, and the rich fellowship of all mankind. 

The establishment of the league of the five Iroquois tribes in the 
closing decades of the sixteenth century was in large measure not 
only a drastic reformation but also an experiment. Avowedh" it 
was designed as an institution for the extension and preservation 
of peace and equity and righteousness among all men; and it made 
a fundamental departure from the practice of the past in completely 
excluding in so far as terms go the military power from particiiDa- 
tion in the conduct of purely civil affairs. 

When using the terms war and warfare, it must be remembered 
that while they denoted defensive, apprehensive, and offensive strife, 
and the mood and the means (the weapons belonging thereto), 
they did not imply the war and warfare waged by a military State, 
a body of soldiers, drilled and regimented and organized independ- 
ently of the civil body. There were, strictly speaking, no armies 
among tribal men; only the beginnings, the more or less developed 
germs of these things. There were, indeed, gi’oups of fighters who 
were regimented and organized, not in a practical or rational 
manner and mood, but in accordance with mythical and sociological 
conceptions and predisposition>, and strictly with relation to their 
kinship status, individually and severally, in the tribal organization 
to which they belonged. For every tribe, great or small, or group 
of tribes, was, exclusive of the women and the children, an inchoate, 
undifferentiate army, a group of instant or else actual fighters. 

For like reasons there was no State religion, where all forms and 
moods of it were tolerated and practised. 

At the period of the formation of the letignc and for at least 75 
years afterwards these five tribes, thus iinited, were surrounded bv 
a number of powerful and hostile tribc'-, nearly all of which were 
cognate with them in speech. On the St. Lawrence River, ap- 
proximately on the present sites of the cities, Montreal and Quebec, 
• Iwelt two strong: Huron tribes. On the tipper Ottawa Kiver were 
the Algonquin and their congeners. Around Lake Sinicoe were two 
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more powerful Huron tribes, to which the two mentioned above as 
living on the St. Lawrence River migrated about the beginning of 
the seventeenth century, and formed an alliance with them. These 
are the four Huron tribes mentioned in the Jesuit Relations. South- 
ward from the Huron tribes, and in the peninsula lying westward 
from Niagara River and northward from Lake Erie and extending 
eastward over Niagara River to the watershed of the Genesee River 
in New York State, were situated the numerous towns of the powerful 
“ neuter nation," also of cognate speech. South and southeastward 
of Lake Erie dwelt the warlike Erie, who also were of cognate 
speech with the Iroquois tribes ; and still farther eastward were the 
little knoAvn Black Minqua also of cognate language. In the upper 
Susquehanna river valley, especially in the Wyoming A^alley, lived 
the noted Massawomeke also of cognate speech. On the lower 
Susquehanna dwelt the fiercely warlike Conestoga. On the Dela- 
ware river and its affluents dwelt the Lanape or Delaware tribes 
who spoke Algonquian dialects. EastAvard, along and beyond the 
Hudson RiAcr dAAelt the Mohegan and their cognates who also 
spoke Algonquian dialects. Such summarily Avas the tribal environ- 
ment of the fiA^e Iroquois tribes at the era of the institution of their 
league or confederation. Tradition is silent as to any extensive 
warfare with these surrounding tribes anterior to the founding of 
the leagiie. 

History records the use of tAA o fundamentally distinct methods of 
grouping peoples by means of institutional bonds. The grouping of 
men in this manner has been aptly termed regimentation. The two 
S3^stems mentioned are the tribal SA^stem of regimentation and the 
national system of regimentation. In the first, men are regimented 
or organized on the basis of kinship and affiinitA^ real or as a legal 
fiction, and in the second, men are regimented or organized in insti- 
tutional units on the basis of territory. But history records transi- 
tional forms of organization, and the most important of these is the 
feudal, for both methods mentioned above are found in feudal so- 
ciet}^, showing transition from tribal to national society and goA^ern- 
ment. 

Now, the tribes of the Iroquoian stock of languages are regi- 
mented or organized on the basis of kinship and affinity, real or as 
a legal fiction, and they trace descent or lineage of blood only 
through the mother. 

To gi'asp fully and to comprehend clearty the structure and the 
Avorkinp of the great in^^titutioll Avhich is called the league or con- 
federation of the FiA’e Nations, one must have a summary but clear 
knowledge of the seAT^ral constituent units which in the last anatysis 
haA'e A'oice and place in its structure and workings. 
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In brief, these are the ohwachira (=the uterine family), of which 
one or more constitutes a clan; the clan, of which one or more may 
constitute a sisterhood, or, as it is usually called, a phratry of clans ; 
the sisterhood or phratry of clans, of which onl}^ two constitute a 
tribe in Iroquois social organization ; the tribe, of which two or three 
constitute a sisterhood or phratry of tribes; and finally the league 
or confederation which is composed of just two sisterhoods or 
phratries of tribes. 

The common noun ohwachira (as pronounced by the Mohawk and 
other r-sounding dialects) or ohwachia (as uttered by the Onondaga 
and other r-less dialects) signifies a group of male and female uterine 
kin, real, or such by legal fiction. It includes all the male and the 
female progeny of a woman, and also the progeny of a woman and of 
all her female descendants, tracing descent of blood in the female line 
and of such other persons as may have been adopted into it. In so 
far as known the ohwachira, unlike the clan, does not bear the desig- 
native name of a tutelary or other protecting genius, or “ totem ” as 
it is commonly but loosely called when applied to a clan ; and yet it is 
commonly known that the influential matron of an ohwachira usually 
bears the reputation of being deft in the peculiar arts of the sorceress, 
each of which being the potence or orenda of some tutelary. 

The matron of an ohwachira is usually, not always, the oldest 
woman in it. But. by becoming incapacitated by age or other infirm- 
ity to manage the affairs of an ohwachira as its moderator, she may 
ask permission to resign so that a much younger woman of recognized 
ability and industry and integidty of character may be nominated 
and installed to preside over the ohwachira in her stead. 

Naturally, the ohwachira had as many firesides as it had women 
who were married. Each married woman of an ohwachira used one 
side of one of the fires at the center of the lodge. The Iroquoian 
lodge was extended lengthwise to accommodate those who dwelt in it, 
and the fires were kindled along the center from place to place. 

The members of an ohwachira have (1) the right to the name of 
the clan of which that ohwachira is a constituent unit; (2) the 
right of inheriting property from deceased members of it: (3) the 
right to take a part in the councils of the ohwachira: (4) the right 
to adopt an alien through the advice of the presiding matron of it. 

In tlie jmesent organization of the league, only certain ohwachira 
have inherited chiefship titles, the principal and the vice-chief, and, 
comequently, the right to name any of its members to fill these 
offices: after the formation of the league tliese nominees had to be 
installed by federal officers, but pi'cviou-ly l)y tribal officers. Strictlv 
'^peaking, these titles of ohief-hip ])elorig to the mothers in the 
ohwachira. over which the presiding matron held a trusteeship. 
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Earely, the offspring of an adopted alien came to constitute an 
ohwachira having chiefship titles; but this was first only a trustee- 
ship of the titles, which belonged to an extinct, moribund, or out- 
lawed, ohwachira. A basic rule of the constitution of the league 
of the Iroquois provides in the case of the extinction of an ohwachira 
owning chiefship titles, that for the preserv^ation of this title, 
it shall be placed in trust with a sister ohwachira of the same 
clan, if such there be, during the pleasure of the council of the 
league. This was a most important law in view of the fact that no 
new federal titles were instituted after the death of Deganawida, 
the prophet statesman of the Iroquois, 

The women of marriageable age and the mothers in the ohwachira 
had the right to hold councils; especially, such as those at which 
candidates for chief and vice-chief might be nominated by the 
mothers alone. At such councils these women had the right to 
formulate some proposition for discussion by the tribal council ; it 
might be done in conjunction with other ohwachira. (This is, in 
embryo at least, the modern so-called right of initiative.) In like 
manner, a proposition might be made to the tribal council to submit 
to the suffrages of all the people, including infants (the mothers 
casting their votes), any question which might be occupying the 
attention of the council or the people. (This is, in embryo at least, 
the modern so-called right of referendum.) 

It is the right of the matron of the ohwachira whose chief wanders 
away from the path of rectitude to take the initial step in his depo- 
sition for cause — first, by going in person to him and warning him 
to reform and to return to the path of right and duty; if he fails 
to heed this warning she seeks out her brother or eldest son, as a 
representative of the men of her ohwachira, and together they go to 
give the erring chief the second warning. If still he persists in the 
neglect of duty and in doing wrong, the matron then goes to the 
chief warrior of the ohwachira, and then these three together go to 
him and merely inform him that he must appear on a given day at 
the tribal council. There the chief warrior asks him categorically 
whether he will or will not conform to the expressed wish of his 
ohwachira. If he refuse to reform he is at once deposed, the chief 
warrior figuratively removing frenn his head the symbolic horns " 
(i. e., receiving back the w’ampum strings which are the certificate 
of his official title) of his title and handing them to the matron. 
(This is, in brief, the recall of modern times.) 

In the structure of the league several ohw'achira, some having a 
chiefship title, are incorporated to form one clan, so that this clan 
is represented in the tribal or .the federal council by two or more 
chieftains. It so hap})ens that the Mohaw k and the Oneida tribes 
have only three clans each; but each of these clans has three oh- 
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wachira which have a principal chief and a vice-chief, respectively; 
and so these two tribes are represented in council, when all are pres- 
ent, by nine chiefs and nine vice-chiefs or messengers, the latter 
of course have no voice in the deliberations except in case tlie chief 
be, for some reason, unable to attend a council when he may deputize 
for such council his messenger to act for him. In the nature of 
things, every ohwachira of the Iroquoian tril)es formerly possessed 
and worshiped, in addition to those owned by individuals, one or 
more tutelary deities or genii called ochinagenda, in modern usage, 
but formerly named oiaron (or oyaron) with a larger meaning, 
which customarily were in the secret custodianship or trusteeship of 
certain wise women who were usually named physicians, but who 
Avere in fact also so-called witches. 

The ohwacliira or uterine family was the primary unit of the social 
organization of all Iroquoian tribes. It must not be overlooked that 
the members of an ohwac'hira could not iuarry one another, nor l ould 
the members of a clan, composed of one, tAvo, or more, such oliAva- 
chira, which by thus uniting to form a single organic unit become 
sisters, or sister ohAvachira, and the members of the unit so formed 
become exogamous Avith relation to one another. The union of tAvo 
or more organic units naturally produced an organization of a higher 
order and an enlargement and a multiplication of rights, obligations 
and pri Alleges. 

It Avill be needful to keep in mind the fact that the women of an 
ohAvachira Avho elected to marry had to do so only A\dth men from 
ohwachira Avhich had a c'ousin relationship to their OAvn, for th*ey 
must not commit incest by marrying men from their OAvn oliAvachira 
or men from a sister olnvadiira. Thus, every oliAvachira AVhich had 
AA^onien who Avere married Avas interrelated Avith many c‘ousin streams 
of blood, and it is these outside ties which bound together the various 
blood streams. Iroquoian socuety is then he]<l together by the bonds of 
affinity, while the tracing of the descent of blood through the women 
preserA'ed its purity and insured its (‘ontimiity. 

When an ohwachira became an integral part of a clan — a higher 
unit — it necessarily delegated some of its self-goA^ernment to this 
higlier unit in such AA'ise as to make this union of coordinate units 
more cohesive and inteixlependent. Thus the in>titution of everv 
higher organic unit produced iieAv privileges, dutic^s. and riofht<, and 
the individual (‘ame under a mo*re complex < ontrol and his AA'elfare 
become more secure through tribunals exercising a greater niiml)er 
of delegated poAvers in wider jurisdiction. 

Status in an Iroquoian tribe Ava.> secured only by biung boin into 
it, by virtue of birth in one of its uterine families or hy adoption 
nito it. But an alien (*ould be and was adopted into citizen, diip in 
the clan and tribe only by being adopted into an ohwachira (uterine 
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family) of some clan. The ceremony of adoption was so potent that 
where two alien sisters were adopted, each into a clan which inter- 
married with the other, their children intermarried as coming from 
exogamous groups. 

Whatever land was held by the ohwachira for cultivation and on 
which fuel and berries and nuts and roots and bark and medicines 
and poisons were procured, belonged exclusively to the women of the 
ohwachira. 

Ordinarily, the members of an ohwachira were obligated to pur- 
chase the life of one of its members who had forfeited it by a 
homicide and to pay for the life of the victim as well. 

It was seen that the earth produced things which Avere fixed in her 
breast ; all the things that grow whether corn, beans, squashes, berries, 
or nuts, are nourished directly by the earth. In like manner it ap- 
peared that woman, the mother, was a producer, and nourished what 
she produced on her breast; hence, the woman and the earth aro 
sisters. So the cultivation of the things that grow out of the earth 
is especially the duty and pleasure of woman. While the pursuit of 
game, and fish, and birds, and men who are not fixed in the earth 
was strictly within the prerogative of the men. 

The ohwachira through its matron exercised the right to spare, or 
to take, if needs be, the life of prisoners of war in its behalf and 
offered to it for adoption. Such briefly is the ohwachira of Iro- 
quoian social organization. 

The Iroquoian clan is an intratribal exogamic body of uterine kin, 
real, or such by legal fiction, regimented for the purpose of securing 
and promoting their social and political welfare. The clan has a 
name, which serves as a class or preferably unit name for its mem- 
bers, and which is derived usually from some animal or bird or 
reptile belonging to the habitat of the ancestors of this body of 
kin, or to its customary tutelary genius. The lineal descent of blood, 
the inheritance of property, both personal and common, and the 
hereditary right of eligibility to public office and trust are traced in 
the clan through the female line attained through the action and 
interaction of its constitutive units — ^the ohwachira (the uterine 
families). 

The Iroquoian clan is constituted organically of one or more 
ohwachira ; its chief or chieftains came to it through its constituent 
ohwachira which may haA^e possessed such officers. A large number 
of the characteristics of the ohAvachira may be predicated of the clan, 
for the reason that the ohwachira gaA^e up for administration to this 
larger grouping a number of their functions. So that a clear knowl- 
edge of the ohwachira is first needed to understand Avhat a clan is. 

136650^—20 35 
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The following summary of the characteristic rights and privileges 
of an Iroquoian clan may be enlightening: (1) The right to a dis- 
tinctive name, which an invariable custom derives from some aniniah 
bird, or rei)tile, characteristic of the habitat, which may have been 
regarded as a guardian genius or protecting deity. (2) Representa- 
tion by one or more chiefs in the tribal council. (3) An equitable 
share in the communal property of the tribe. (4) The right and 
obligation to have its nominations for chief and subchief of the clan 
confirmed and installed by officers of the tribal council in earlier 
times, but since the institution of the league, by officers of the federal 
council. (5) The right to the protection of the tribe of which it is 
a constituent member. (C) The right of the titles of the chief - 
ships and subchief ships hereditary in its ohwachira{s). (T) The 
right to certain songs, chants, dances, and religious observances. 
(8) The right of its men or women, or both together, to meet in 
council. (9) The right to the use of certain names of persons, which 
are given to its members. (10) The right to adopt aliens tlu^ough 
the action of a constituent ohwachira. (11) The right of its members 
to .a common burial ground. (12) The right of the mothers of con- 
stituent ohwachira (s), in which such official titles are inherent, to 
nominate candidates for chief and subchief; some clans have more 
than one of each class of chiefs. (13) The right of these same 
mothers to take the presrribeel ste^os for impeaching and deposing 
their chiefs and subchiefs. (14) The right to share in the religious 
rites, ceremonies, and public fe-tivals of the tribe. 

The duties incidental to clan membership are the following: The 
obligation not to marry Avithin the clan, formerly not even within the 
sisterliood or phratry of clans, to which the one in question belonged: 
the effect of membership in the sisterhood of clans was to make all 
men either mother's brothers or brothers, and all women mothers or 
sisters. (2) The joint obligation to purchase the life of a member 
of the clan which has been forfeited by homicide or the murder of a 
member of the tribe or of an allied tribe. (3) The duty and obliga- 
tion to aid and to defend its members in supplying their wants, 
redressing their wrongs and injuries through diplomacy or by force 
of anus, and in avenging their death. (4) The joint obligation to 
replace with prisoners or other persons other members who have been 
lost or killed, belonging to any ohwachira of a clan to which they mav 
be related as father's brothers or father's clansmen, the matron of 
such ohwachira having the right to ask that this obligation be fulfilled. 

The clan name is not usually among the Iroquois the common 
designation of the animal or bird or reinik' after wliich the clan nvd\ 
be called, but very commonly denotes some marked feature or charac- 
teristic or the favorite haunt of it, or it may be just a survival of an 
archaic name of it. 
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The number of clans in the different Iroquois tribes varies; the 
smallest number is three representative clans, found in the Mohawk 
and the Oneida, while the Seneca have nine and the Onondaga eight. 
There are also some clans which, having no chief titles, are seldom 
named in public. 

In historical times, and in the past as far as tradition informs us, 
every clan belonged to a sisterhood or phratry of clans, and so was 
not directly a member of a tribe. In all Iroquois tribes two sister- 
hoods or phratries of clans are found, each forming one side of the 
dual tribal organization. One of the tribal sides represents the 
fatherhood or male principle and the other the motherhood or female 
principle among living things. 

There are three native terms in the speech of the Iroquois which 
may be translated into English b}" the word chief or chieftain. 
These are in the third person and in the Mohawk dialect, as follows: 
rakowa'ne'"^, ra'sehnowa'ne''', and roya'neh', each signifying ^^he (is) 
a chief.'’ The first two are generic and so may be applied to civil 
or military chiefs, while the last is at present restricted to chieftains 
of the League, who represent their tribal constituencies both in the 
tribal council and in the federal council of the League, and also is 
applied to the women chieftainesses. The chief bearing the last 
name has a subchief or messenger, who is usually mentioned by the 
agnomen, The Cane or “ The Ear,” and who is s^^mbolically 
repre.^ented as sitting on the roots of the Tree (the Chieftain) whose 
subchief he is. It is the duty of this subchief to see personally that 
the chief'^ orders in his official capacity are carried out — either in 
person or by the aid of the warriors or other members of the clan. 

The first of these official names signifies “he great, noble, (is),” 
being derived from the stem meaning, “ great, large, or noble.” 
The second, meaning “his name great, noble, (is),” is derived from 
a compound stem composed of the noun “ name ” and the attributive 
qualifying stem jir^t mentioned. The third term is notionally not 
connected with the two terms just mentioned. Its stem, -3^a'neh% 
means “ beneficent, bountiful, good, promotive of good or of welfare, 
{to hc)r This stem is also the basis of the words for Law, the 
Conimonwealth or the Institution of the League. Thus, in Iroquo- 
ian thinking a law, or the body of laws, is what brings to pass what 
is highestlj" or greatest!}^ good. And so a federal chief could not 
engage in warfare while holding such a title. 

Some biographic notice of at least four of the chief actors in the 
events leading up to the institution of the league may be of interest 
and be instructive. These four are Deganawida. Hiawatha, Djigon- 
sasen. and Atotarho ('VYathatotarho). 

To begin with the first named. Deganawida was one of the 
world's wonder children. His conception, birth, and career are 
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largely idealized by tradition. Prophetic dreams and visions an- 
nounced to his doubting grandmother his alleged divine origin and 
heavenly mission among men; prodigies attended his birth and 
childhood ; he had power on earth and in heaven— that is to 
say, he kne.w and sought to do the Avill of the Master of Life, 
Te^haro^diywa’k'ho"^'. His mother and grandmother Avere f)oor 
and despised and lived alone in a small lodge by themselves on 
the outskirts of the village to Avhich they belonged, and so they . 
had few, if any, visitors who might seek the daughter for a wife. 
But there came a day when the watchful mother became aware that 
her daughter would herself in due time give birth to a child, and 
bitterly did she reprove her for not marrying a man in the 
customary way, for now she was bringing scandal upon her mother 
and herself. The daughter, however, steadfastly denied that 
she had had commerce with any man at any time, but her mother 
doubted her and carried her reproof so far as to cause the daughter 
much bitterness of spirit, and she, therefore, spent much time in 
silently Aveeping, for she loA^ed her mother and claimed that she did 
not knoAV the cause of her pregnancy, and she Avas deeply grieved 
by her mothers chiding. It was then that the mother had a dream 
in Avhich she was told by a divine messenger that she was doing her 
daughter great Avrong in not belieAung her statement that she did 
not knoAv the source of her condition : and she Avas further told that 
her daughter would bear a male child, whom they must call 
Deganawida, and that he would be indirectly the cause of ruin to 
their people. 

The repentant mother upon aAvaking asked her (laughter's forgive- 
ness for the wrong she had done her in not believing her denials. 
They, hoAA^ever, decided to destroy tlie life of the child when it should 
be born because of the dream s declaration that he Avould grow up 
and be the source of evil to their people. So when the child was born 
they carried it to a neighboring s,tream of water, Avhich Avas frozen 
over, and cutting a hole in the ice thrust the child into it to drown, 
and they returned to their lodge. But when they awoke in the 
morning they found the child unharmed and lying a^^leep between 
them. This attempt to rid themseh^es of this child Avas repeated 
tAvice more, but eacdi time no harm came to the child, and then after 
consultation the tAvo women decided that it was the aa ill of the Mas- 
ter of Life that they should raise the child. They Avere most kind 
to him thereafter, and they gave him the name Deganawida, as the 
dream had directed the grandmother to do. He was reputed to have 
been one of seAen brothers, but in regard to the father or fathers 
of the six younger brothers tradition is silent. 

When he <rrew to man^ e-tate he infoi'med his mother and f;rand- 
niother that lie must leave them to perform a great work in''lands 
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lying south of the great lake. He left them in a “white canoe” 
which perhaps was a canoe of white birch, which later tradition has 
carelessly confounded wdth the ice canoe (=ice block) in which the 
Iroquoian myth of the Beginnings says the Winter God goes from 
place to place and which by further corruption of the misconception 
in modern literature has become a “ flint ’ or “ stone ” canoe. 

Tradition ranks Deganawida with the demigods, because of the 
masterful arenda or magic power with which, it was alleged, he 
tirelessly overcame the obstacles and difiiculties of his great task; 
because of the astuteness and the statesmanship he displayed in nego- 
tiation; and lastly, because of the courage and wisdom he showed in 
patiently directing the work of framing the laws and elucidating the 
fundamental principles on which they and the entire structure of the 
Iroquois league or confederation must rest, if these were to endure to 
secure the future welfare of their posterity. He was a prophet and 
statesman and lawmaker of the Stone Age of Xoi^tli America. Tradi- 
tion ascribes his lineage to no tribe, lest his personality be limited 
thereby. 

The traditions concerning the person who has become known as 
Hiawatha on close examination are found to describe two very dif- 
ferent personages. 

In one tradition Hiawatha when first seen by Deganawida was a 
cannibal and was actually engaged in bringing the carcass of a 
human being into his lodge, which he quickly proceeded to quarter 
and cook in a pot of water. He had been out hunting for human 
beings, and meeting this one had killed him for his lardei\ 

Deganawida had previously heard of his cannibalistic habits 
from Djigonsasen, the chieftainess of the Xeutral nation (or tribe), 
who was the first person to understand and to accept the radical pro- 
gram of Deganawida for stopping the shedding of human blood by 
violence and for the establisliment of peace and equity and righteous- 
ness and power. 

Unseen by Hiawatha, Deganawida, the tradition says, mounting to 
the top of the lodge watched Hiawatha at work ; peering through the 
smoke hole from a point just over him, Deganawida saw what was 
being done by Hiawatha and, tradition says, caused him by mental 
suggestion to realize the horrible enormity of what he was then 
doing; so he mistook the face of Deganawida, reflected in the pot, for 
his own, and being struck with tlie great beauty of that face he con- 
trasted it with the character of the work in which he was then 
engaged and exdaimed, tradition says : “ That face and this kind of 
bu.'-inos do not agree": and he then and there resolved to give up 
cannibalism for all time. lie (juickly arose and carried the pot out 
of the lodge and cast its contents away at some distance from the 
lodge. 
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Deganawida having descended from the top of the lodge went 
forward to meet his host. Because of his recent experience Hia- 
watha was very much pleased to have a guest who brought liim the 
wonderful message of peace and righteousness and power. The 
re?!>ult of this conference was the conversion of Hiawatha to the 
reform program of Deganawida and his agi’eement to aid in the 
Avork of bringing about the change in the attitude and relation of 
men one to another. 

According to tradition, Deganawida gave him his name after his 
com’ersion, and Hiawatha became a loyal and enthusiastic disciple 
of Deganawida and ga^e up everything in order to devote ail his 
energies and time to the Avork of establishing the projected league 
or confederation of peoples in accordance with the principles ex- 
pounded by Deganawida. He indeed undertook several very impor- 
tant missions for his great teacher and acquited himself with great 
credit. 

The most effective and unscrupulous opposition the two reformers 
encountered in their work came from the noted Onondaga chief. 
Atotarho (^"^atatotarho), a wizard and sorcerer avIio avus feared 
far and near, who, during the 3'ears in which the league was being 
brought into being, removed bA" secret means, it is said, the seven 
daughters (some a ersions saA" three) and then the Avife of HiaAvatha, 
his opponent. 

Xo place is giA^en by tradition as HiaAvatha's birthplace, although 
some analysts declare that he was a half-brother of the fierce chief- 
tain Atotarho (Watatotarho), of the Onondaga, his pitiless antag- 
onist. 

Tliis tradition asserts that he liA^ed among the MohaAvk and mar- 
ried the daughter of a chief there and that he himself became a t‘hief 
among these people. His name is still on the list of titles of federal 
Mohawk chiefs. 

In the other version of the tradition of the founding of the league 
of the Iroquois HiaAvatha is treated as the chief actor in the con- 
ception and establishment of this confederacy instead of the real 
founder, Deganawida. But from a careful siirveA^ of the narrative 
of eA^ents herein this Aversion is found to be much le^s faithful to facts 
than the one fir>t mentioned. 

It appears that in this tradition the several missions upon Avhich 
his mentor, DeganaAvida, sent him, Avere fused together in such Avise 
as to make them merely a series of events or episodes in a single 
joiirnev of HiaAvatha, Avhich he Avas alleged to ha^■e made in despair, 
going directly southward from the (Inondaga council lodge; on this 
journey he was said to ^'have split the sky," meaning merely that he 
took a course directly south. Herein, too, he tied from cinondaga 
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because of vexation of spirit for the lo^s of his children by the will 
of the great sorcerer, Atotarho (Watatotarho). 

The descriptive details are highly interesting to the antiquarian 
because they shed some faint light on the kind of pledge or vouch 
which was in use before wampum and wampum strings came into 
vogue for that purpose. On this journey some of the persons dele- 
gated to communicate with HiaAvatha used for a pledge small shoots 
of the elderberiy bush which were cut into short pieces, and from 
which the pith was removed, and these little cylinders strung on 
small cords of sinew ; likcAvise, the tradition continues, the quills of 
large feathers, cut off and strung on cords, Avere also used as tokens, 
pledges, or Avouches for the good faith of the messenger or speaker. 

Fresh- water shells were substituted by IliaAvatha for these things. 
Coming to a small body of Avater, he saw its surface literally covered 
by ducks swimming about. He went near and exclaimed, "" Do you 
not attach any importance to my mission? ” At once the ducks tleAV 
up into the air, bearing up Avith them the a\ ater of the lake. Hia- 
AA atha at once AA^ent down into the bottom of the lake, thus made 
dry, and there he saw many shells of various colors. These he gath- 
ered and placed in a skin bag which he carried. When the bag had 
been filled he returned to the shore of the lake, and selecting a suit- 
able place sat doAA n there and, tradition says, strung the 28 strings 
Avith their messages, Avhich are employed in the ritual of the con- 
doling and installation ceremony of the league to this day, although 
these tresh-Avater shells have long been replaced by wampum beads. 

It is thus seen that this tradition makes HiaAA atha the designer of 
the pledges for this rite, although the matter of the tradition si lows 
that this cannot be true, because the use of a set number of topics of 
the ** comfort,'’ or rather requirkening address,’' aa as in Aogue 
among other tribes of the Iroquoian linguistic stock — the Huron, 
for example. 

The name HiuAvatha was immortalized by Longfellow in the 
lieautiful poem bearing this name, although there is nothing in the 
poem that can be predicated of the historical person bearing that 
name. This was due to the mistake of confusing tAvo names — that of 
HiaAvatha Avith that of the Iroquoian god, the blaster of Life, the 
one Avho gives or creates all life, both faunal and floral, on the earth. 

Mr. J. V. H. Clark, in his Onondaga, etc.,” is directly responsible 
for this confusion, for, although Schoolcraft added to it, ^Ir. Clark 
brought it to pa^s in the first instance. In the hands of careless 
hearers and recorders native Indian names which in fact have no re- 
lationship Avhat^oever are readily confounded. In the MoluiAvk dia- 
lect of the Iroquoian stock of languages (and in all others of this 
stock using the r-sound in their phonetics! Telia ronhiaAv agon ap- 
proximately records the sounds in the name of the Life God or the 
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Master of Life; but this name in Onondaga (and in all other dia- 
lects of this stock, which do not use the r-sound), becomes Dehaen- 
hiawagi. This name, misspelled, appears in print as Ta-oun-ya- 
wat-ha, Thannawege, Taonhiawagi, and Tahiawagi, etc,; but be- 
tween these and the dubious attempts to record the native original 
for the Anglicised Hiawatha — namely, Tahionwatha, Taoungwatha, 
Ayonhwatha, Hayenwatha, Hayomventha, etc. — there is no relation- 
ship whatever. But Clark, misled, perhaps, by otosis and miscon- 
ception and by a confused tradition, identifies in direct statement the 
two names and the two persons. 

Schoolcraft, when gathering material for his Notes on the Iro- 
quois, received a number of fragmentary mythic tales about the Iro- 
quoian god, the Master of Life and also traditional stories about one 
of the chief founders of the league. But as these had been con- 
founded by Clark and made to relate to a single individual School- 
craft iindiscriminatingly adopted this intermixture, and added to the 
mischief by transferring Hiawatha to the region of the Great Lakes, 
and there identified him with Nanabozho, the Master of Life, or 
God of Life, of the Chippewa and other Algonquian cognates. 

Now, the Mohawk Iroquoian Teharonhia wagon and the Chippewa 
Algonquian Xanabozho are approximately identical mythic concep- 
tions, but neither has in fact or fiction any feature predicable of 
Hiawatha, Schoolcraft's The Hiawatha Legends, to Avhich we owe 
the charming poem of that name by Longfellow, Avere chiefly mythic 
tales and fiction about Xanabozho, the Chippewa Master of Life, but 
which contain nothing about HiaAvatha, an Iroquoian chieftain of 
the sixteenth century. 

Were Europeans of some day in the future shown a gi^eat narra- 
tive of French epic adventure in which Prince Bismarck, the de- 
spoiler of France, should appear as the central and leading Gallic 
hero in the glory and triumph of France, the absurdity and error 
would not be greater or more toAvering than in these blunders of 
Clark and Schoolcraft concerning HiaAvatha and the Master of Life 
of Iroquoian and A]gon(iuian mythic thought. 

In the establislmient of this highly organized institution the 
SAvart statesmen, DegamiAvida, Hiawatha, and their able colleamies, 
and the equally a>tute stateswoman, Djigonsa>en, a chief tainess of 
the Xeutral nation (or tribe), then \ ery powerful and Avarlike, united 
their efforts in bringing to a Micce--ful i^-ue, notAvitlistanding bitter 
intratribal opi)osition, a peaceful revolution in the methods, in the 
scope, in the furm>, and in the purposes of government extant among 
their respective people- — a much needed reform Avhich Avas at once 
fumlamental and far-reaching in its immediate effects and future 
po>vibilities. 
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The dominant motive for the establishment of the Lfcague of 
the Five Iroquois Tribes was the impelling necessity to stop the 
shedding of human blood by violence through the making and rati- 
fying of a universal peace by all the known tribes of men, to safe- 
guard human life and health and welfare. Moreover, it was intended 
to be a type or model of government for all tribes alien to the 
Iroquois. To meet this pressing need for a durable universal iieace 
these reformers proposed and advocated a constitutional form of gov- 
ernment as the most effective in the attainment of so desirable an end. 

The founders of the league, therefore, proposed and expounded 
as the requisite basis of all good government three broad double ’’ 
doctrines or principles. The names of these principles in the native 
tongues vary dialectically, but these three notable terms are expressed 
in Onondaga as follows: (1) Skert'm^\ meaning, first, sanity 

of mind and the health of the body : and, second, peace between in- 
dividuals and between organized bodies or groups of persons. (2) 
iVc'' GaVvTiwajd' . moaning, first, righteoubuess in conduct and its 
advocacy in thought and in speech; and, second, equity or justice, 
the adjustment of rights and obligations. (3) Te’' Gff8^1iasde^^'sd\ 
meaning, first, physical strength or power, as military foiue or civil 
authority : and, second, the orenda or magic power of the people or 
of their institutions and rituals, having mythic and religious impli- 
cations. Six principles in all. The constructive results of the con- 
trol and guidance of human thinking and conduct in the private, the 
public, and the foreign relations of the peoples so leagued by these 
six principles, the reformers maintained, are the establishment and 
the conservation of what is reverently called .Vc’ ' GaifaneFcddgd^ nd ' — 
i. e., the Great Commonwealth, the great Law of Equity and Kight- 
eousnebs and Well-being, of all known men. It is thus seen that the 
mental grasp and outlook of these prophet-statesmen and states- 
women of the Iroquois looked out beyond the limits of tribal bound- 
aries to a vast sisterhood and brotherhood of all the tribes of men, 
dwelling in harmony and hai)pinesb. This indeed was a notable 
vision for the Stone Age of America. 

Some of the practical measures that were put in force were the 
checking of murder and bloodshed in the ferocious blood-feud by 
the legal tender of the prebcribed price of the life of a man or a 
woman — the tender by the homicide and his clan for accidentally 
killing buch a person was 20 strings of wampum, 10 for the dead 
!naii and 10 for the forfeited life of the homicide; but if the dead 
peison were a woman, the legal tender was 30 strings of wampum, 
because the value of a woman''s life to the community was regarded 
as double that of a man. And cannibalism, or the eating of human 
flesh, was legally prohibited. Even Hiawatha forswore this abom- 
inable practice before taking up the work of forming the league. 
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The institution of the condoling and inbtallation council was im- 
portant and most essential to the maintenance of the integrity of 
their state, for the ordinances of the league constitution required 
that the number of the chiefs in the federal council should be kept 
intact. So to the orenda, or magic power, believed to emanate and 
flow from the words, the chants and songs, and the acts of this coun- 
cil, did the statesmen and the ancients of the Iroquois peoples look 
for the conservation of their political integrity and for the promo- 
tion of their welfare. 

So potent and terrible was the orenda of the ritual of the mourn- 
ing installation council regarded, that it was thought imperative to 
hold this council only during the autumn or winter months. Since 
its orenda dealt solely with the effects of death and with the restora- 
tion and preservation of the living from death, it was believed that 
it would be ruinous and destructive to the growing seeds, plants, 
and fruits, were this council held during the days of birth and 
growth in spring and in summer. To overcome the power of death, 
to repair his destructive work, and to restore to its normal potency 
the orenda or magic power of the stricken father side or mother 
side of the league, and so making the entire league whole, were some 
of its motives.^ 

In eulogizing their completed labors the founders of the league 
represented and described it as a great human tree of flesh and blood, 
noted for size and length of leaf, which was also reprer^ented as being 
set up on a great white mat — that is to say, on a broad foundation 
of peace, and whose top pierced the visible sky. It was conceived 
as having four gi'eat white roots composed of living men and women, 
extending ^e^pectively ea^^tward, southward, westward, and north- 
ward, among the tribes of men who were urgently invited to unite 
with the league by laying their heads on the great white root nearest 
to them. It was further declared that should some enemy of this 
great tree of fle^li and blood approach it and should drive his hatchet 
into one of it.'^ roots, blood indeed would flow from the wound, but 
it was said fuiTher that this strange tree through its orenda would 
cau-^e that assailant to vomit blood before he could esca])e very far. 
In certain laws the federal chiefs are denominated standing tree.-, 
who as essential components of tlie gi’eat tree of the league are ab- 
sorbed in it, symbolically, and who are thus said to have one head, 
one heart, one mind, one blood, and one dish of food. 

The ties which unite a tribe with its gods — ties of faith and the 
bonds of duty and obligation of service which bind the persons of 
the tribe unitedly together, ties of blood and affinity — are the 
strongest operative among tribal men and women. Every unde- 

■ S. M xhi' writ! r.s artUI*' on tbi> .^uhjo(‘t in Ilnlnn-s Aunu-.T^arv Voiumo Wa^hitl‘non 
1U3G 
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veloped peoi^le or human brood of one blood and origin live umler 
the direct care and special providence of its gods and so seeks to 
maintain, by suitable rite and ceremony, unbroken and intact relation 
and converse with them. From the legends and traditions of such 
a people it is learned that all that they have, all that they do ritually, 
and all that they know, they have received freely by the grace of 
their gods. The tribes of the Iroquois people were no exception to 
this rule. 

in Iroquois polity there was a definite separation of purely civil 
from strictly religious alfairs. So the office of civil chief was clearly 
marked off from that of prophet or priest, and in so far as an 
incumbent was concerned it was the gift of the suffrages of a definite 
group of his clanswomen, and so in no sense was it hereditary. The 
office was hereditaiy in the clan, and strictly speaking in some 
family line of the clan. The civil assembly, or the council of chiefs 
and elders or senators, was in no sense a religious gathering, not- 
withstanding the custom of opening it with a thanksgiving prayer 
in recognition of the Master of Life — a strictly religious act. The 
officers of the religious societies and assemblies were not the same 
as those who presided over the councils of chiefs. And it is note- 
worthy that a federal chief must not engage in warfare while clothed 
with the title and insignia of office; to do so he was required to 

resign his office of federal chief during his absence on the warpath. 

^ ^ ^ ^ 

There is a dualism in organization running through all public 
assem})lies of the Iroquois peoples living under the earlier culture. 
It must be noted that this dual character of the tribal and league 
organization does not rest on blood ties or affinity, or on common 
religious rites, but rather on the motive to dramatize two dominant 
principles which appear to pervade and energize all observed sentient 
life. In short, this dualism is based primarily on certain mythic 
concepts regarding the source of life and the most effective means 
of conserving it on earth among men. Among the Iroquois pcoxffe 
of to-da}^ the knowledge of the reason for the persistent dual organi- 
zation of tribe and league has been lost completely. But a pains- 
taking analysis of rituals and of ceilain terms appearing in them 
gives us a trustworthy clue to the reason for a dualism in organi- 
zation. The reason thus deduced is the need for embodying in the 
tribal organic unity the principles of the complementary sexes as 
organic factors in order to secure fertility and abundant i)rogeny. 
In short, it was deemed imperative to recognize the male and female 
principles of the biotic world and all that such recognition implies — 
fatherhood and motherhood and the duties and obligations arising 
from these states, as defined in Irocpiois thinking. This dualism 
makes the life of the father and the mother endure with that of the 
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clan of wliicli either is a member. The same is true of sonship and 
daughtership. 

This ascription of sex to groups — organic groups — of persons 
measurably explains the potent motive which underlies the ap- 
parently artificial rule of exogamy that controls certain groups of 
persons as against other like groups of persons. 

By the prophet-statesmen of the early Iroquois and their cotribes- 
men the League of the Five Tribes as an institution — as an organic 
unity — was conceived at times as a bisexed being or person; i. e., as 
an organic unity formed by the union of two persons of opposite 
sexes. To those early prophet-statesmen life was omnipresent — 
obtrusively so, for, unconsciously, their ancestors had imputed it to 
all bodies and objects and processes of the complex world of human 
experience. But it must be noted that the life so imputed was 
human life, no other. And so as an institution the league was con- 
ceived as an animate being, endowed with definite biotic properties 
and functions, as the male and female sexes, fatherhood and mother- 
hood, mind, eyesight, dream power, human blood, and the possession 
of guardian spirits for its two highest organic members. 

In the ritual of the installation of chiefs in all the many addresses 
and chants and songs, each of the two constituent organic members, 
the father and the mother sides, is addressed as a single individual. 
In the famous so-called six songs of the mourning and installation 
council, which are so dramatically sung by a chief who represents 
the dead chief or chiefs to be resurrected, each of the two constituent 
persons is addressed, but in the fifth song, the totality, the league 
as a unity is addressed as a person, to whom is sung this farewell 
song of the departing chief. This is done evidently to secure the 
departure of the ghost in peace. 

Again, the lamenting cry of hai'i,” hal'i," which is so tediously 
recurrent in all the chants and songs, but one, of the mourning and 
installation council, is employed, it is said, in order to console the 
spirits or spirit of the dead. The reason for using this particular 
cry is that it is reputed to be that made by spirits when moving from 
place to place. But it was believed that should this cry be omitted 
in the rituals the displeasure of the departed spirits would be mani- 
fested in an epidemic of diseases affecting the spine and the head. 

The duties and obligations of the clan or sisterhood of clans of a 
father to the clan of his children were by the founders of the league 
made a part of the functions of the male member, or sisterhood of 
tribes, in the organic structure of the league. In like manner the 
duties and obligations of the clan or sisterhood of clans of a mother 
to the clan or sisterhood of clans of the father of^the children w^ere 
inado a part of the functions of the female member, or sisterhood 
of tribes, in the organic structure of the league. Thus the two con- 
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stituent members of the highest order in the structure of the league 
were the female group of two tribes and the male group of three 
tribes, respectively representing the mother and the father sides, 
the female and male principles, the whole representing the union of 
fatherhood and motherhood for the promotion of the life force and 
welfare of the community. 

The term agadoFi'nl^ meaning ''my father's clansmen,” has two 
very distinct applications — first, to the clan of one's father, and, 
second, to the male or father side of the league. And the term 
kheya\la'%ve^^ meaning my offspring,” aLo has two very different 
applications — first, to the clan of the children’s mother, and, second, 
to the female or mother side of the league. There were three tribes 
which constituted the male or father side of the league structure — 
namely, the Mohawk, the Onondaga, and the Seneca ; and two tribes, 
the Oneida and the Cayuga, originally constituted the female or 
mother side of the league. To tlie Onondaga, however, was given 
the noteworthy distinction of presiding over the deliberations of the 
federal council. This they did of course through their chiefs; but 
these chiefs did not have the right to discuss the question at issue. 
This apparent primacy of the Onondaga carried with it the office of 
fire keeper and the presiding officer of the federal council. 

It must be noted that the mother or female complex of tribes and 
the father or male complex of tribes were held together by the exer- 
cise of certain rights and the performance of certain duties and obli- 
gations of the one to the other side. 

The federal council, sitting as a court without a jury, heard and 
determined causes, in accordance with established rules and principles 
of procedure, and with ^irecedent. 




THE PEOBLEM OF DECffiNEEACY.^ 


By A. F, Teedgold. 


By the term degeneracy " is usually understood any marked fall- 
ing away, either morally, mentally, or physically, from the average 
condition of the nation or race. Thus, among civilized peoples, the 
habitual criminal and the morally perverse, the mentally unstable 
and insane, the physically weak and ill-de\ elo[)ed, are often spoken 
of as degenerates/' But these various conditions may be dependent 
upon widely different causes, and in the endeavor to make this clear, 
and to attach, if possible, a more precise meaning to the word, it 
will be well to refer to some points regarding individual develop- 
ment. 

In a previous article in this Be view (Oct(jl)er, 1013) it was stateil 
that the development of the individual is dependent upon two fac- 
tors — namely, the from which he is derived and the soil in 

which that seed is grown. These are commonly spoken of as heredity 
and environment, or nature and nurture; perhaps they are more 
accurately defined as intrinsic potentiality and extrinsic stimulation. 
It was shown that the highest degree of development necessitates the 
presence of a maximum developmental potentiality plan an optimum 
environment. It follows that defective development, of sufficient 
severity to come within the usual meaning of the word degeneracy, 
may be caused by a defect in either or both of these contributory 
factors. As examples of such inferiority due to defects in the 
environment, I may refer to the intellectual poverty and the immo- 
rality or moral obliquity which result from inadequate or improper 
training and instruction during youth and adolescence; also to the 
stunted growth and i>oor physique, often the actual disease and 
deformity, which follow insanitary surroundings, deprivation of 
suitable food and exercise, and general neglect or mi'>management, 
during the early months and years of devek^pment. The^^e are com 
ditions with which most of us are only too familiar : and probably no 
one would deny that under such adverse surroundings tlie individual 
must fail to attain that degree of development of which he is innately 
capable. 

On the other hand, we are e(|ually familiar with instances in which, 
in spite of the most hygienic snrroumlings, the best education and 
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the most careful upbringing, the individual never reaches the aver- 
age developmental plane. Many children of this type die within a 
few months of birth, not so much from actual disease as simply be- 
cause they have not strength to live. Others survive, but are 
physically, mentally, or morally deficient. Doubtless in some cases 
there may be obscure faults in the environment, but there are very 
many in which this is not so, and in which there are clear indications 
of an innate defect of potentiality ; in other words, of the fault being 
in tlie seed and not in the soil. The great bulk of the mentally defi- 
cient belongs to this giwip. 

The difference between these two types of so-called degeneracy, 
however, lies not onh^ in their mode of causation, but in their ulti- 
mate results. That which is due to an inadequate or adverse environ- 
ment acting upon the embryo — that is, after fertilization of the germ 
cell has taken place — is, in most instances, an affection of the cells of 
the body only. These are incapable of attaining their full develop- 
ment, because some of the necessary external stimuli to that develop- 
ment are lacking. If the want is supplied before the period of 
growth is past, the arrears may be made up; if not, some degree of 
permanent defect results. In some cases it is jDrobable that the germ 
plasm which is stored within the individual, to give rise, in due time, 
to another generation, may also be affected; but in most instances 
this is not so. What is produced is a somatic modification only, the 
germinal potentiality of the seed being unimpaired. The case is 
entirely different with regard to that type of degeneracy which 
appears in spite of a satisfactory environment. The defect here is 
clearl}’ germinal ; it is, in fact, a germ variation, and as such is trans- 
missible to subsequent generations in accordance with the laws of 
hereditv. 

In view of this important and far-reaching difference between 
these two types, usually comprehended by the word ” degeneracy,’^ 
some verbal distinction is clearly necessary. In my opinion that term 
should be restricted to the latter group, accordingly I venture to 
define degeneracy as retrograde condition of the individual re- 
sulting from a pathological variation of the germ cell”: and it is 
in this sense that it will here be used. Perhaps the most convenient 
word to denote the somatic modification arising from a defective 
environment would be ‘^decadency.” 

Degeneracy, then, is the expression of a germ variation. It is 
generally accepted by biologists that variations of the germ cell 
tend to be transmitted to subsequent generations. It is doubtful 
whether this transmission is invariable, and the laws governing it 
are still very imperfectly known, but, as a broad fact, it is cer- 
tainly true. It follows that the occurrcmce of variations is a phe- 
nomenon of the utmost importance to the future of the race. Such 
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valuations may be divided into two main groups: Firstly, those 
which connote an increased potentiality for development in some 
particular direction, thereby placing the individual at a greater 
advantage in the struggle for existence. These may be termed 

progressive ” variations^ and they obviously lie at the root of 
progressive racial evolution. Secondly, those which connote a dimin- 
ished potentiality for development of such a nature as to impair the 
survival value. These may be termed “ retrogi^essive ” variations and 
lie at the root of social degeneracy. It is with this latter class only 
that we are now concerned. 

The prevention of the perpetuation of these retrogressive varia- 
tions is clearly a social problem of great moment, and comprises 
what is known as restrictive or negative eugenics. But the prob- 
lem of their causation is even more important; for restrictive 
eugenics, however complete, can never prove entirely satisfactory 
so long as degenerates are still being produced de novo. Accord- 
ingly it is chiefly with the question of causation that it is proposed 
to deal. 

There are three chief views as to this causation, which may be dis- 
cussed seriatim. The first is, that degeneracy is not the expression 
of any new germinal change, but the perpetuation of a defect which 
has existed in certain strains or stocks of the human race from the 
very beginning or from a Simian ancestry. This idea has probably 
occurred to most thinkers on the subject, but it has recently again 
been advanced by Dr. C. B. Davenport, of America. Doctor Daven- 
port,^ speaking of the origin of mental defect, says : 

The conoliision is forced upon us that the defects of this germ plasm have 
surely come all the way down from man's apelike ancestors, through 200 
irenerations or more. The germ plasm that we are tracing remains rela- 
tively simple; it has never gained, or only temporarily at most, the one or 
the many characteristics whose absence we call (quite inadequately) “de- 
fects.” Feeble-mindedness is thus an uninterrupted transmission fron.^ our aui- 
mal ancestry. It is not reversion ; it is direct inheritance. 

Now, with regard to this theory, we must either assume that the 
defect has been present since the very origin of life, or that it has 
appeared at some subsequent period. On the former view it is 
presumed that the innate i^otentiality only sufficed for the attain- 
ment of a certain low stage of mental development ; degeneracy, 
however, is no mere evolutionary arrest at some particular phase: 
it is usually seen as, if I may venture to use such a term, a pro- 
gressive retrogi'ession of certain stocks. If, however, we admit 
that the variation has made its appearance at some later stage of 
evolution, tlien this theory affords no explanation as to its causation : 

^ “ Tbo origin and control of mental defectiveness.” 1012, 

1 ^ — 2 < > 30 
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it simply pushes the inquiry back to that period, “ 200 generations 
or more.” 

In this connection it may be remarked that atavism is not un- 
commonly invoked as the explanation of feeble-mindedhess, which 
is one of the most prevalent forms of degeneracy. It is contended 
that, for some reason or other, these persons reproduce, or hark 
back to, a stage of mental development which was typical of savage 
or prehistoric man, but from which normal mankind have evolved. 
It is inferentially suggested that, although mental defectives are 
incapable of holding their own in a civilized community, they would 
not be incapable of so doing among these more primitive types. 
I can not accept this view. I find it exceedingly difficult to believe 
that the feeble-minded members of a civilized community would be 
any better able to hold their own among a community of savages 
than they are in their present environment ; and I find it still more 
difficult to imagine that such persons represent a normal develop- 
mental phase in the mental evolution of the human race. 

In this place also reference may be made to a recent work by V. A. 
Moschkoff (Nene Theorie von der Abstammung des Menschen und 
seiner Degeneration). This author looks upon the whole of man- 
kind as being blended in various degrees from two types — white 
diluvial man and Pithecanthropus. He describes the physical, men- 
tal, and moral characteristics of these types with a minuteness which 
puts the deductive ability of Owen completely in the shade, and 
which might, indeed, almost be the outcome of a personal acquaint- 
ance with these primeval beings in the flesh. White diluvial man 
would appear to have been a sort of Apollo, the possessor of many 
beauties and virtues, and of a body which was in every way more 
perfect than any now existing. Pithecanthropus, on the other hand, 
was a speechless, repulsive being, apparently somewhat midway 
between an African pygmy and a modern gorilla. According to 
Moschkoff, not only is degeneracy, as seen in idiots, cretins, and cer- 
tain ethnic groups, due to a reversion to the pithecanthropic element, 
but the alternate expression of the characters of these two stocks 
takes place at different ages in the same individual and at different 
cycles in the life of the nation, and so leads to successive alterations 
of individual character, and even to progressive and retrogressive 
changes involving the whole community. Even civil wars and 
internal dissensions, which the sociologist usually attributes to eco- 
nomic causes, are claimed by the author as being due to the swing 
of the pendulum bringing into play a preponderating pithecanthropic 
element. And the pendulum would appear to swing so regularly 
that, given the requisite biological data, he would even be able to 
forecast which would be the fat and which the lean years of a nation’s 
tuture. Can anything more be expected of science than this? 
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The second theory of causation is that these retrogressive varia- 
tions are not caused, but arise of themselves; in other words, that 
they are spontaneous ” in origin. Thus, in the Keport of the Eoyal 
Commission on the Feeble-minded the following statement occurs: 

Both on the ground of fact and of theory there is the highest degree of prob- 
ability that feeble-mindedness is usually spontaneous in origin ; that is, not due 
to influences acting on the parent. 

Now, as Huxley remarked many years ago, to say that a variation 
is spontaneous is simply to express our ignorance of its causation; 
and it is obvious that this theory of “spontaneous variation” is 
extremely unsatisfactory. The more we learn of the phenomena of 
nature, the more do we find evidence of law and order ; and it would 
be strange, to say the least, if chance and not law should control 
what is probably the most important happening in the whole of 
nature. 

The third view is that retrogressive germ variations have neither 
existed ab initio nor are spontaneous in origin, but are produced by 
the operation of natural processes and in obedience to natural laws. 
In my opinion this is not only the most reasonable view in itself, 
but the only one which is supported by definite evidence; and, 
although it is not yet possible fully to explain the manner of pro- 
duction of these germ variations, it is possible to advance certain 
considerations which at least possess the merit of carrying us a step 
further toward the elucidation of this problem. 

If we pass for a moment from the germ cells to consider the cells 
of the body, we find that retrogressive changes occur under two con- 
ditions: Firstly, in consequence of an endogenous decline of their 
vitality; secondly, through the action of external agencies. The 
former of these changes occurs in old age. By this is not meant old 
age as expressed by years; some persons are old at 40 , others still 
young at 80 . What is meant is that condition of senescence which 
results from the exhaustion of the inherent vitality of the cells. 
They are unable to function because they have come to the end of 
their physiological banking account. Decay arising from without 
is best exemplified by the action of such inorganic and organic 
poisons as alcohol, lead, and phosphorus, or by toxic bodies produced 
by certain microorganisms. These agents may bring about such a 
deterioration of important cells and tissues that the death of the 
individual results. The problem we have to consider is whether the 
germ-cells may be affected by similar agencies. May they undergo 
pathological variation in consequence of senescence? May the same 
rasult be caused by adverse factors of the environment? 

To begin with the first of these questions — since the modern con- 
ception of tlie continuity of the germ plasm has become popular, it is 
not infrequently said that this plasm is “ immortal.” But even if 
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it be granted that germ plasm existing to-day is the lineal descendant 
of plasm which has existed since the origin of life, this statement re- 
quires some qualification. The unexpended germ cells not only die, 
of course, at the death of the individual, like any other piece of pro- 
toplasm, but they may die, or at all events lose their capacity for 
reproduction (which comes to the same thing), while the ordinary 
somatic cells are still alive. This commonly takes place in vromen 
between the fortieth and fiftieth year. Now, it has been noticed by 
several observers that children bom toward the end of the female 
reproductive period tend to be feebler than those born while the 
generative organs are in full vigor. Possibly this, in part, may be 
due to a senility of the maternal tissues which nourish the seed, but 
it is equally likely to be due to a senility of the seed itself, so that 
there is some ground for thinking that senescence may be a possible 
cause of pathological germ variations. 

Again, there are certain infusoria, which, while ordinarily multi- 
plying by fission, from time to time undergo a fomi of conjugation 
not unlike that which occurs between the sperm and germ cells in 
human beings. It was shown by Maiipas that, if this periodical con- 
jugation is prevented, the offspring resulting from subsequent fissions 
gradually undergoes a form of degradation until the whole group 
eventually becomes extinct. Prof, Marcus Hartog argues from this 
and similar researches made by other inquirers that t*onjugation or 
fertilization plays an important part in warding off senescence. Is 
such introduction of fresh blood necessaiy to ward off senescence 
and prevent germinal impaimient in the case of higher animals, 
human beings in particular? With regard to certain domestic ani- 
mals, there is reason to think that close in-breeding is followed by 
a gradual deterioration of offspring; and experienced breeders are 
practically unanimous that the effect of this is to produce debility, 
abnormalities, and eventually sterility. As Sir Francis Darwin 
says, “ it is generally admitted that degeneration either in constitu- 
tion or in other ways does ultimately ensue: so that at any cost the 
breeder is absolutely compelled to admit blood from another family 
or strain of the same race.” In the case of human beings, however, 
in-and-in breeding to this extent is practically unknown; and it is 
therefore unlikely that senescence of the germ plasm from such a 
cause plays any practical part in the production of degeneracy. At 
the same time it is to be remarked that the effect of consanguineous 
marriages is to intensify any existing defe(d; and the same is true 
where mating is rigidly restrnded to the members of any one small 
section of scK-iety. We are apt nowadays to bewail the not infrequent 
union of members of our old and formerly exclusive aristocracy with 
chorus grls and the like. The pro(‘ess may be attended with a serious 
decline in form ” and manners : but it is possible that it may possess 
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physiological compensations which are beneficial to the race as a 
whole. 

AVe have now to consider the question of the modification of the 
germ plasm by the environment. Fifty years ago few scientific per- 
sons would have doubted this; and even to-day it is probable that 
most medical men would say that their clinical experience supported 
such a view. But in those days it was supposed that the germ cells 
arose, by some means or other, from the body cells; it followed that 
their condition was dependent upon the condition of the body cells, 
and the production of germ variations through the environment was 
a necessary and logical sequence. But recent writers, particularly 
Profassor Weismann, have proclaimed the “ continuity ” of the germ 
plasm; they have contended, in other words, that it is not produced 
anew in each individual, but is an independent plasm, which is 
handed on from generation to generation as a separate entity ; and it 
is consequently argued that the germ plasm is immune to its sur- 
roundings. Some writers have even gone so far as to say not only 
that the environment has, in fact, no influence in the production of 
germ variations, but that it can not have any such influence, because, 
if it had, it would be subversive of the whole doctrine of evolution. 
Since this argument strikes at the very root of what I conceive to be 
the origin of degeneracy, it will be well to consider the basis upon 
which the assertion is made. And in this connection I can not do 
better than quote the words of Dr. Archdall Keid, who is perhaps 
the most strenuous advocate of this view. Dr. Eeid says: 

If this theory that germinal changes may be caused by waste products, cir- 
culating toxins, and the like, is correct, all races affected by any sort of disease 
should drift steadily toward extinction. Again; If disease produces any 
germinal change, then, no matter how small and imperceptible the differences 
between one generation and the next, * * * the constant accentnatiou of 

the alteration during hundreds, perhaps thousands, of generations must make 
it at last manifest and unmistakable. * * * The facts are decisive; nearly 

all human races have been exposed to disease for thousands of years, and in no 
instance is there to be found an iota of evidence that any race has, as a con- 
sequence, become degenerate. (“The Laws of Heredity, pp. 26G-262.) 

Xow, at first sight these statements may appear very plausible; 
but a little reflection will show them to be really fallacious in that 
they entirely disregard one important consideration — namely, the 
possibility that the vulnerability of the germ plasm may vary greatly 
in different individual^ In the case of the ordinary tissues and or- 
gans of the body— the somatoplasm— there is no doubt whatever on 
this point; and one of the best-established facts in medicine is that 
of the varying resistance to disease presented by different individuals. 
Thus, one person will rapidly succumb to tuberculosis, influenza, 
pneumonia, or other toxic process; another will escape death but 
evince considerable subsequent deterioration; while a third will re- 
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cover without any permanent ill effects. It is surely not unjusti- 
fiable to consider that similar differences of vulnerability may exist 
in the case of the germ plasm. Adverse factors of the environment 
will then not be operative upon the germ plasm of the whole com- 
munity, but only upon that of the susceptible portion ; and it will no 
more follow that all races affected by any sort of disease should 
drift steadily toward extinction ” than it follows that all persons af- 
fected with tuberculosis, influenza, or other disease will necessarily 
die of those complaints. Further, not only may some germ plasm be 
practically immune, but plasm which is susceptible may be influenced 
to varying extent, both quantitatively and qualitatively, thereby giv- 
ing rise to many different forms of variation and degrees of de- 
generacy. 

As a matter of fact this is precisely what happens ; and the mani- 
festations of degeneracy as seen in daily life vary within very wide 
limits. In some instances the variation is so pronounced as to inter- 
fere seriously with the survival value of the resulting offspring. 
Such individuals will then be eliminated by natural selection, pro- 
vided this is sufficiently rigorous, so that, far from being subversive 
of the doctrine of evolution, the process is one which actually con- 
duces to racial evolution. It may happen, however, that the varia- 
tion is much less pronounced and the social environment not suffi- 
ciently rigorous to bring about elimination. Such individuals will 
then not only be enabled to survive, but wdll intermarry wdth those 
whose germ plasm is unimpaired, with the result that a dilution of 
the morbid process may take place so far as individual members are 
concerned, but there will be a more widespread dissemination 
throughout the community. 

As will presently be shown, these milder manifestations of degen- 
eracy occur more particularly in the central nervous system. They 
involve those parts of the nervous system concerned with the higher 
processes of mind, and they take the form of a diminished mental 
potentiality, a lessened vigor and initiative, a want of balance, and 
a loss of control. The social expression of these changes is seen in an 
incapacity of the community for sound government and legislation, 
for organization and for social progress, and an inability to compete 
with more vigorous neighbors, both in the arts of peace and in those 
of war, the natural termination of which is social decline or even dis- 
ruption. It is exceedingly questionable if any student of history will 
be found to maintain that there is not “an iota of evidence” of the 
past existence of such degeneracy. 

As to why the germ plasm of different individuals should vary 
in susceptibility to the action of adverse factors in the environment, 
w know very little. It is not inconceivable, indeed it is a reason- 
able assumption, that its state of nutrition may be subject to change. 
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and that this may determine its immunity or vulnerability ; or the 
same result may be brought about by the absence or deficiency of 
some internal secretion. This question is one of great moment, but 
it is too intricate to enter upon in this place. 

The fact is, then, that not only are there no a priori reasons 
against the modification of the germ plasm by the environment, in 
spite of much reiteration to the contrary, but there are many such 
reasons in favor of this modification taking place. Doubtless the 
germ material possesses a considerable degree of resistance to the 
action of the environment ; for, were it otherwise, and did it reflect 
every transient change, racial stability could hardly exist. But 
there is a great difference between some degree of resistance and 
absolute immunity ; and when we remember that after all the germ 
plasm is still living protoplasm and consequently dependent for its 
sustenance upon the quantity and quality of the fluids supplied to 
it, the view that it can lead a charmed life, utterly uninfluenced by 
any condition of its host, is untenable. As Beard says, “ the germ 
cell must react to and be influenced by its environment” — a con- 
clusion not only accepted by most competent biologists of the present 
day, but acquiesced in by Weismann himself. 

However, the question is no longer one of speculation and a priori 
reasoning. 'WTiatever may be asserted of the theoretical impossi- 
bility that the germ cell should be adversely affected by its environ- 
ment, there is now very clear evidence that it is so affected ; and to 
some of this evidence we may briefly refer. One of the earliest 
observations (1861) was that of Dr. Constantin Paul regarding the 
effect of lead. This observer found that out of 32 pregnancies, in 
which the father alone suffered from lead poisoning, the mother 
being free from that condition, 12 of the children were stillborn, 
8 died during the first, 4 during the second, and 5 during the third 
year of life, while another died later in childhood. Similar 
data were published by Lize (1862) regarding workers exposed to 
the fumes of nitrate of mercury. Out of 12 pregnancies in which 
the father alone was exposed, there were 4 stillbirths; of the remain- 
ing 8 children, 3 died before the fourth year, and only one of those 
who survived could be described as vigorous. The toxic effects of 
alcohol upon growing protoplasm are well known ; and, since exper- 
imentation with this is comparatively easy, it has naturally formed 
the subject of many investigations. One of the most recent is that 
by Stockard upon guinea pigs, by which it was shown that the net 
result of 24 matings of alcoholized fathers with normal mothers 
was only 5 surviving offspring, or no more than might have been 
expected from a single pairing of two healthy animals; and, further, 
that at the age of two months these 5 survivors were only half the 
usual size. Dr. E. Bertholet, after a series of microscopical exami- 
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nations in 120 alcoholic and nonalcoholic human beings, was able to 
demonstrate very clear differences, and to assert that “the hurtful 
influence of chronic alcoholism upon sexual glands is not to be 
denied.” Similar results have been obtained with other poisons; 
and during recent years it has also been shown that germ variations 
may be induced by temperature (Sumner, Bordage, Tower) and by 
the injection of chemicals into the immature ovary (Macdougal). 
Finally, from inquiries which I have lately made into the effect of 
X rays, there seems to be no doubt that males working with unpro- 
tected tubes are rendered temporarily sterile owing to the action of 
the rays upon the sperm cells. If this and other agencies can thus 
bring about the death of the germ cell, it is a justifiable inference 
that smaller doses can so injure it as to produce a living but impaired 
offspring; and the earlier observations above quoted show that this 
is actually the case. 

In view of the evidence which is now available and is daily 
increasing, it is impossible to deny that the germ cells may be 
adversely affected by the environment. As to the actual causal 
agents of this change in human beings our knowledge is still in- 
complete. My own observations lead me to think that alcoholism, 
tuberculosis, and venereal diseases play an important pail. But 
there may be many others with which we are as yet unacquainted, 
and which will certainly be brought to light when once we discard 
the bogey of “spontaneous variation/’ and seek them in a true scien- 
tific spirit, devoid of preconceived notions as to what may be possible 
and what impossible. 

The important question now arises as to the nature of the germinal 
change which is thus induced. In spite of the many researches of 
recent years, we still Imow very little about the physical basis of 
inheritance: but this much is certain, that, in some at present 
mysterious way, the germ cell contains “representatives” or “de- 
terminants ” of all the variable parts of the body of the offspring to 
which it subsequently gives rise. Perhaps the best way of regard- 
ing these is that of a series of directive forces or specific energies, 
each of which is concerned with directing the growth of a particular 
tissue. On this hypothesis we may assume that the effect of toxic 
agents is to reduce this innate potentiality, and to bring about what 
may be termed a devitalization, or an impairment of the whole, or 
of certain specific, energies of the germ cell. This will not only be 
operative in the case of the immediately resulting offspring, but, 
since it is fundamental, may involve subsequent generations. This 
is in nowise antagonistic to the view of germ continuity. 

But the different organs of the human body, as they exist to-day, 
^ar;v greatly in what may be called their antiquity. There are 
some for instance, the circulatory system — which have undergone 
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comparatively little change with the evolution of the human race 
through many lower species. There are others, such as the nervous 
system, which have undergone a very great elaboration, probably 
even in man himself. It is legitimate to conclude that the innate 
germinal potentiality of the systems of less antiquity, which have 
undergone more recent evolutionary change, will be more liable to 
alteration under adverse or abnormal conditions of the environment 
than will the potentiality of those which are more organically fixed 
and have, in fact, a longer heritage: and hence it will come about 
that these adverse factors exert a selective influence upon the con- 
stituents of the germ cell, being chiefly operative upon the higher 
parts of the nervous system. At the same time our conception of 
development can hardly be that of a series of organs each pursuing 
its own growth independently. It seems likely that a certain 
mutual interrestraint exists, and that, where the potentiality for 
growth of one organ or tissue is rendered defective, the lessening of 
restraint may result in irregularity and overgrowth of contiguous 
tissues, with the production of gross anatomical anomalies and de- 
velopmental errors. 

When we turn to the manifestations of degeneracy — that is, to 
the manner in which these pathological variations of the germ cell 
are revealed in the offspring — we find strong corroboration of these 
views. Eetrogressive variations, manifested generation after gener- 
ation, are to be found, it is true, in many organs, such as the skin, 
the eyes, the skeleton, etc. ; but the commonest expression of all and 
by far the most frequent form of degeneracy is seen in a defective 
and abnormal constitution of the higher parts of the nervous sys- 
tem; that is, in the parts concerned with the functions of mind. 
The usual medical term for this manifestation of degeneracy is 
“neuropathic diathesis”; and its physical basis is undoubtedly, as 
has now been shown by many exhaustive inquiries, an impairment of 
neuronic potentiality which is germinal in origin and may be trans- 
mitted generation after generation. 

The manifestations of this neuropathic diathesis vary greatly in 
their degree and nature. In the slighter forms of impairment, as 
already remarked, there is simply a lessened durability and dimin- 
ished power of resisting the stresses and strains of life ; a weakening 
of nerve vigor, a proneness to psychasthenia, and a consequent 
inability for sustained competition. If more pronounced, there is 
a tendency to early mental dissolution or dementia, to hysteria, 
epilepsy, insanity, and other marked psychopathic disorders : while, 
if still more marked, there are grave defects of anatomical develop- 
ment, resulting in feeble-mindedness, imbecility, or idiocy. It has 
now been conclusively shown that, while some stocks evince no 
tendency to any of these abnormal mental states, there are others 
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ill which such conditions occur with greiit frequency for many 
generations. Some members of such a stock may be epileptic, others 
suffer from insanity or marked moral failing, while others may be 
feeble-minded or even idiots. Since the environment of such per- 
sons differs in no material particular from that of the mentally 
healthy section of the commimity among whom they live, it is clear 
that the failing is of the germ cell and is inherited. In many 
family histories it is possible to trace a definite progressive accentu- 
ation of the impairment, and in some even to trace it to its origin. 
Thus, in persons suffering from the mildest manifestations, neuro- 
pathic antecedents are relatively uncommon; but a history of an- 
cestral alcoholism or tuberculosis is frequently found. Among 
epileptics, evidence of the neuropathic diathesis occurs in about 35 
per cent of cases ; in the insane this proportion reaches from 50 to 
60 per cent; while in the mentally defective it occurs in from 80 
to 90 per cent. There is thus an increasing degeneracy, which 
reaches its culminating point in that condition in which mind has 
become so reduced as hardly to have an existence, namely, profound 
or absolute idiocy. 

It has sometimes been objected that, since the particular defect of 
the individual is not identical with that which has existed in his 
ancestors, it can not be regarded as ^‘hereditary.” This, however, 
is either mere hair splitting or betokens a complete ignorance of the 
nature of the inheritance underlying these morbid conditions. Of 
course idiocy, insanity, epilepsy, etc., are no more inherited, as such, 
than any other human quality or defect. Inheritance consists, not in 
the transmission of actual qualities as we see them, but in the poten- 
tiality to develop those qualities under an appropriate stimulus. 
Similarly in degeneracy, what is transmitted is not epilepsy, in- 
sanity, or mental defect, but a diminished developmental potentiality 
of the nervous system; in other words, the neuropathic diathesis; 
and I am of opinion that here also the particular manifestations are 
in many cases determined by particular environmental factors oper- 
ating during the period of growth. 

It has been stated that the gross forms of mental defect represent 
the culmination of degeneracy ; and hence it follows that individuals 
so suffering are usually characterized by serious abnormalities of 
anatomical growth and of physiological function in many parts of 
the body. These are known as “ stigmata of degeneracy.” The list 
of these “stigmata” is a long one, comprising among others, de- 
formities of the brain, eyes, external ears, nose, palate, hands, feet, 
and many other structures. I must confess that the inclusion of 
some of the anomalies which have been described amongst the signs 
of degeneracy” (as I have defined it) seems hardly warranted. 
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Apart from the fact that there are so many anatomical variations 
within the normal range that the abnormal becomes exceedingly dif- 
ficult to define, many of those which are undoubtedly errors of de- 
velopment appear to me to be more a result of adverse conditions af- 
fecting the growth of the embryo than of a real germ variation ; and 
a single so-called stigma of degeneracy is not infrequently found in 
persons who present no other physiological or psychological ab- 
normality. This is particularly the case with the external ear, also 
with the deformities known as harelip and cleft palate. At the 
same time there is no doubt that developmental errors are far com- 
moner in victims of the neuropathic diathesis than in the healthy 
members of the community; and the presence of numerous “stig- 
mata” is so commonly associated with other signs of germinal im- 
pairment which is transmissible — of true degeneracy, in fact — as to 
be extremely suggestive of that condition. 

We see, then, that the chief expression of degeneracy occurs in that 
part of the organism which is at once the most elaborate, the most 
recent in phylogenetic development, and the most important — • 
namely, the higher portions of the brain. But it is not usual to find 
such a person possessed of full or even average bodily vigor ; and the 
majority of degenerates evince in addition a lessened power of re- 
sistance to disease and a proneness to early death. Whilst a few 
persons suffering from the milder degrees may do good work, some 
even taking rank with genius, there can be no question that the great 
majority are distinctly inferior, in moral, mental, and physical fiber, 
to the untainted members of the community. It follows that the 
presence of any considerable number of such persons in the State 
must entail a serious diminution in the aggregate of vigor and great 
economic disadvantages. 

What eff'ect have these degenerates upon posterity? Individuals 
suffering from the more pronounced degrees of degeneracy — ^idiots 
and low-grade imbeciles — are usually sterile. Further, there is 
every probability that, if even the milder grades mated solely among 
themselves, there would gradually be produced such an accentuation 
of the morbid process that the disease would work out its own salva- 
tion by causing the extinction of the stock. But, as has already been 
pointed out, the initial impairment does not involve the whole com- 
munity, and the mating is not thus restricted. Persons suffering 
from the initial and milder forms of degeneracy mate with the unim- 
paired, so that the question of the laws governing the transmission 
of the defect becomes one of great practical social importance. 

Our knowledge regarding these laws is still very inadequate, but 
it may be said that, in the main, most, if not all, modes of inheritance 
may be referred to one of two groups. In the one the inheritance 
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is blended in other words, the individual may be looked upon as 
the result of a mechanical mixture of the germinal material of his 
two parents. This is, perhaps, best seen in the various shades of 
skin color (mulatto, quadroon, octoroon) which result from the mat- 
ing of a white with a negro. In the second group certain qualities 
or peculiarities of one germ cell seem to dominate over antagonistic 
qualities of the germ cell of the other sex, so that the individual 
‘‘ takes after " his father in regard to some details, but after his 
mother in regard to others. As Goethe says : 

Vom Vuter liab* idi file Statiir, 

Des Lebens ernstes Flthren ; 

Vom Mutterchen die Frohnutur 

Und Lust 55U fabulireii. 

At the same time an individual who himself shows no indication 
of any parental peculiarity may yet pass it on to his offspring, con- 
stituting what is described as patency and latency, as is seen in 
hoemophilia and certain other diseases.. It seems likely that what 
is commonly known as prepotency, dominance, and patency and 
latency, may be embraced within the laws which were first discovered 
by Gregor Mendel, Abbot of Briinn, 50 years ago, and which are 
now known as MendeFs Laws. Mendels conclusions, drawn from 
experiments on peas, were long unknown to the world ; but their re- 
discovery has given an enormous impetus to similar inquiries, and 
during the last few years numerous investigations have been made 
with the object of ascertaining whether his results are applicable to 
man. With regard to some qualities this has been shown to be the 
case; and it now seems to be established that such abnormalities as 
brachydact 3 dy, color blindness, night blindness, and congenital cata- 
ract are transmitted in accordance with Mendelian laws. Is this so 
with the neuropathic diathesis, which we ma^" certainly consider the 
most important form of degeneracj^ from the socialogical aspect? 

Researches which have been made under the auspices of the Eu- 
genics Record Office of xVmerica proclaim that this is the case, and 
that the fact of the hereditary transmission of the neuropathic con- 
stitution as a recessive trait, in accordance with the Mendelian theory, 
ma}' be regarded as definitelv established.” But the difficulties and 
sources of possible fallacj^ attendant upon such inquiries are so great 
that one must accept these conclusions with considerable reserve. It 
is impossible to deal adequately with the question in this place, but 
it may be remarked that a person ma}- be of neuropathic constitution 
and yet pass through life apparently normal, owing to the absence of 
any direct excitant to a mental breakdown ; in other words, he may 
inherit a predisposition to insanity and yet, in consequence of his 
life being cast amid healthy surroundings devoid of strain, never 



DEGENERACY — TREDGOLD. 


561 


become insane. The ascertainment of the number of offspring who 
are hereditarily affected thus becomes a matter of the greatest diffi- 
culty, and yet this is essential in order to prove that the transmission 
is in accordance with Mendelism. My own experience is that, while 
all the offspring of two markedly degenerate persons are always 
defective, the children resulting from the union of a pronoimced 
degenerate with a healthy individual tend to be, not some normal 
and some abnormal, but all of them of abnormal constitution. If 
one parent only bears the taint in slight degree, it is not uncommon 
to find some children affected while others entirely escape ; but even 
here it is by no means rare for all the children to evince a distinct 
psychopathic failing. Whilst, therefore, it is hazardous to dogmatize 
on the subject — for the facts are by no means conclusive — the avail- 
able evidence seems to suggest that the inheritance is more often of 
the blended than of the Mendelian type. 

I have spoken of the pronounced grades of mental defect as being 
the culmination of degeneracy ; but it is not always thus cumulative, 
and it is possible that the mating of a person suffering from a milder 
degree of germinal impairment with healthy stock might, after a 
few generations, lead to the eradication of the impairment and so to 
regeneracy. But the experiment would be somewhat hazardous for 
the individual offspring. Severe exciting factors might readily fan 
the slumbering spark into a violent flame; and this is probably the 
explanation of many so-called sporadic cases of insanity and even of 
mental deficiency. Such exciting factors may be supplied by injury 
during birth, infectious disease during childhood, excess or strain 
during adolescence or maturity, or indeed any untoward condition 
of the environment, whether of intra- or extra -uterine life. And, 
should the germinal impairment be still more pronounced, it seems 
highly probable not only that mating with healthy stock is power- 
less to neutralise the defect, but that there is the greatest danger of 
a considerable reduction of the mental vigor and durability of 
all the offspring and consequently of a marked decline in the net 
capacity of the community. It is by such means that I conceive 
that a nation, while still surviving, may not only lose its power to 
advance, but may be rendered incapable of successful competition 
against its more vigorous neighbors and so sink to a lower plane. 
And when we take into account tlie neutralization of the force of 
natural selection which occurs in a civilized as opposed to a more 
barbarous community, and which prevents the elimination of these 
unsound members, it is not difficult to understand how it has come 
about that nations which have reached a high degree of civilization 
should in course of time have been overrun by a horde of barbarians. 
For with nations, as with individuals, it is the fit” who survive. 
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It may safely be said that the problem of degeneracy has now 
passed beyond the academic stage, and that its practical importance 
is recognised by most thoughtful persons. But its pressing nature 
is still unrealised; and it is, perhaps, not unnatural that, in the 
midst of the greatest war the world has ever known, it should be 
regarded as a question which can well await the return of peace. 
There could be no greater mistake. The military necessities of the 
country and the large number of casualties have already emphasized 
the importance of man power ” and directed attention toward the 
declining birth rate and the conservation of child life. All this is 
quite right and proper; but it is an incontrovertible fact that the 
many medical rejections and the system of voluntary service have 
both led to these casualties being disproportionately incident upon 
the most fit, and that the general effect of the war has been to aug- 
ment still further the previously existing tendency toward the sur- 
vival of the least fit. And there is great danger that an indiscrimi- 
nate increase in the birth rate, a demand for quantity irrespective 
of quality, may still further contribute toward this result. Let us 
make no mistake. The ending of the war will not end international 
competition; and, if we are to maintain our national or economic 
supremacy we shall need, not merely men and women, but the best 
men and women we can produce. If we are to do this, the problem 
of degeneracy must have a place in any scheme for increasing the 
birth rate and building up the future manpower of the nation. 



HISTORY IN TOOLS/ 


By W. IVI. Fmndeks Petrie, F. R. S., F. B. A., D. C. B., LB. D., Bitt. D. 
Professor of EgyptoJogy, London University. 


In modern teaching political history has overshadowed all other 
aspects of man, and the general history of civilization has not yet 
received recognition. It matters nothing whether x\ristotle, Euclid, 
Newton, or Pasteur lived under a republic or a despotism; but it is 
of the first importance in history to know the influence of such 
thinkers and discoverers. The movement of man’s mind in ideas, 
knowledge, and abilities should be one of the principal and most 
stimulating subjects in education. This would not be a materialistic 
limitation, and one side of it has been admirably written already in 
Lecky’s History of Morals. 

Among the activities of man the development of his means of 
work must certainly be considered. But while there are many books 
on offense and defense, arms and armor, there is none that traces 
the history of the mechanical aids. Thousands of writers have 
described the sculptures of the Parthenon ; not one has described the 
means used in performing that work. It is a mystery to us how 
fluted columns with an entasis could be produced, true to a hun- 
dredth of an inch in the diameters between the deep groovings. 

In taking up the neglected history of tools, ^ the nature of the mate- 
rials used is the first view to consider. After the stone ages, the 
order of metals — ^bronze and then iron — is tolerably well known. Of 
late years an earlier age of copper has been noticed in several 
countries, and this again may be divided into an age of native copper 
and an age of smelted copper. The use of copper in the American 
hemisphere was entirely limited to native copper, never smelted; 
in fact, it was the stone age, including a malleable stone. Native 
copper is also found in various places in Europe and Asia, and it 
seems only reasonable to suppose that it would be worked before 
smelting was discovered. What points to this is the pillowy form 
of tools in the earliest metal age of most countries. This form could 
not be cast except in closed molds, but it would be the most natural 
for hammered native metal. The earliest stage of casting was the 

* Reprinted by permission from Science Progress, July, 1917. 

2 A first step in historical treatment I have attempted, in a catalogue comparing the 
tools of Egypt with those of other lands, “ Tools and Weapons,” with 3,000 figures. 
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mere limiting of outpoured metal in an open mold, and hence flat 
castings, such as are found in Egypt, and such as apjiear in other 
countries after the hammered forms. The order of use of metallic 
materials, then, seems to be native copper, smelted copper, bronze, 
iron, steel, and brass. Copper may be hardened by small impurities 
and much hammering until it is equal to any bronze ; the main pur- 
pose in using bronze was probably to facilitate casting, especially 
for closed molds. The cire perdue process also needed bronze, and 
that was a favorite mode of work from early Egypt to early Britain. 





lonns of socket: 1, 2, small for hardwood; 3, 4, lengthened for soft< r ^/ood, o, 6, for lifting, 
lorms of reaper: 7, sliding cut. Swiss: 8, rotated round v.Tist,Egyxjt. 


In both those lands the metal was run to an astonishing thinness, 
often only a fiftieth of an inch, a mere film over the sand core. 

TMien tlie variations of the forms of tools in different countries 
are compared, much is seen to depend upon climate. In the north 
(figs. 3, 4), sockets are much larger and deeper than in the south 
(figs. 1, 2). This is due to the softer and more string}^ nature of 
northern \^oods, which would be bruised and crushed in the leverage 
of a small socket. Xeither oak nor ash nor beech could compare with 
the Syrian shmri for resisting a wrench. The varjung purposes also 
led to very different forms; the slight socket and large blade for a 
giting ax, when the blade was not gripped in the cleavage; the 
l> 1 mg ax A^ith a long socket to enable a side wrench to be given; 
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the cleaving ax with a long back to the socket (figs. 5, 6) to aid in a 
lifting pull to get it out of the wood. In the agricultural tools there 
are clear distinctions between the scythe or siclde worked with a saw- 
ing motion from the hand at the end of the blade (fig. T), or the 
reaping sickle with a circular arc around the wrist which rotates it 
(fig. 8), or the priming hook to top off high vine-sprays in the south 
(figs. 4, 6), or the bill hook to cut copse wood in the north. The 
different kinds of motion must be considered before we can under- 
stand the varying use of each tool. In weapons, similarly, the width 
of spear or arrowhead is conditioned by the defense. On bare bodies 
wide cutting blades are the most effective, to attack clothed bodies a 
narrower blade is needed, and for piercing armor of leather or metal 
a mere spike is required. 

These forms which result from the necessities of use and the guid- 
ance of utility may very probably be evolved in many different 
centers quite independently. We know, in modern times, the Patent 
Office shows how often a simple thing may be reinvented. The 
case is different, however, when we look at artistic style; in that, 
each race or country has its own characteristics which cling to it for 
ages, and are seldom adopted by others. When a design recurs we 
can generally trace its descent, sometimes through thousands of 
years. Sometimes principles of form also have an astonishing per- 
sistence. The northern and Syrian peoples used flanged edges to 
stiffen tools, the Eg}"ptian and most Mediterranean peoples would 
have none of them. The European and Asiatic used socket holes, 
the Egyptian always rejected them. The European cast in flat 
molds, and used punched ornaments ; the Asiatic cast in closed molds, 
and used cast relief ornament. The Asiatic and east European 
used recurved outlines; the European and Egyptian used straight 
or simply curved outlines. In all these respects we see a funda- 
mental artistic difference between races. 

xVnother curious aspect of the subject is the worship or reverence 
given to weapons. Si^ears werer kept in the temples of Italy as 
means of divination, and immense ceremonial spear-heads are known 
from early Mesopotamia, Italy, Sweden, Britain, and China. The 
scimitar was adored in Scythia, and the Quadi adored their swords 
as deities. The driving of a nail into the temple of Jupiter in Rome 
was the means of averting pestilence. The double ax was a usual 
tool, and also a sacred form; ceremonial copies, which could not be 
hafted, were made in various northern centers, apparently as stand- 
ard weights. 

Several stages of inventive activity may be discovered, when a 
great outburst of new types appears. The most prolific period seems 
to have been in the later l)ronze ages, about 900 B. C. The most per- 
fect forms of bronze chisels were then devised (figs. 9 to 13), both 
136650°— 1:0 3T 
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tang and socket chisels, wide chisels, deep mortise chisels, saws with a 
uniform rake to the teeth to cut in one direction, great Icniies of a 
flamboyant form (fig« Id) with double curves — all due to north 
Italian genius. About the same time, or a little later, the Chalybes 
on the Assyrian side were developing iron and steel tools on modern 
lines, socket and tang chisels, saws, rasps, and the early stages of files 
and centerbits. These were in use about 700 B. C. It is also notice- 
able how a great wave of ethical ideas appears in that age in Judaea, 
Greece, and Egypt ; it seems to have been a potent stage of thought 
in many branches. 

Some tools which have been, and still are, very usual in other 
lands, are little known in the West. The adze had a very long career, 
from the early prehistoric age of Egypt, and is still the coinnion tool 
of the East. It is often now confused with the axe, under the gen- 
eral name of celt ; but it is essentially different, being unsyimnetrical 
in side view, and used across the plane of motion. One common 
form of it, from about loOO to 400 B. C.. has scarcely been noticed 
hitherto; it has two projections on the side edge to hold up the lash- 
ing which attached it to the handle. It is strange to see how a tool 
which was commonly used in many countries for a thousand years, 
has now disappeared from life as totally as the mammoth. 

It is too often supposed that because some thousands of years have 
passed in the history of a tool, therefore we must now be in posses- 
sion of far l^etter forms than those of past ages. This is true in 
many cases, but by no means always. The forms of the chisel were 
l)erfected 2.500 years ago; and the beauty of work in the bronze age 
chisels (fig. 10) with joerfectly even blades, dished octagonal flanges 
to the tang, or square sockets ribbed on the outside for strength 
(fig. 13), has never been exceeded. In other tools there has been an 
actual loss of good design. The Egyptian form of the Eoman shears 
has one leg detachable for sharpening (fig. 36) ; it was held in place 
by two slots engaging T-shaped pins, it could be detached in a second, 
and yet was quite firm. Such a facility for sharpening is a great 
advantage, liut the form has entirely disappeared. Another Egyptian 
form was the iron sickle (fig. 8) with a trough groove to hold a strip 
of steel teeth ; this was adapted from the old Egyptian wooden sickle 
with flint saws inserted, and when steel was valuable it was a great 
advantage, yet it entirely died out from use. The use of saws and 
crown drills with fixed teeth of corundum or gem stones, for cutting 
<inartz rock^, was the regular system of work in Egjqot 6,000 years 
ago, and in Greece 4,000 years ago. The cores produced were so 
perfect ami clean-cut that, as Sir Benjamin Baker said, any engineer 
would bo proud to turn out such good work with the best diamond 
drills. The saws were over eight feet long, sawing blocks of granite 
7-J feet long. This splendid work was quite forgotten, the Roman 
had no snch grand tools, and some thousands of years passed before 
such moans were reinvented 50 years ago. 
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In other cases we can trace the gradual evolution of a tool down 
to the present day. The carpenter's saw was at first merely a blade 
roughly hacked on the edge; by 4,500 B. C. it had regular teeth, 
sloping equally botli ways : by 900 B. C. the Italian gave a rake to 
the teeth to make them really cut in one direction, instead of merely 
scraping as before. Xo ancient saw, however, had a kerf, cutting 
a wider slit than the thickness of the blade : we do not know when 
that was invented in the Middle Ages, The Egyptian used a push 



9 to 14. — Bronze A^reinyrntions of Italy; not usod i>y Ep^yptian?. 

10 to 19. — Forms not hy E^ryptians. 


saw as tlie earliest fomi ; the pull saw was the only one in the West 
and tlie Eoman world: the pusli saw came back into use in the last 
few centuries, thou<>h the pull saw in a frame is still universal in 
the East. The world did without shears for many ages, cloth being 
cut with a rounded-blade knife (fig. 34). About 400 B. C. the 
mechanical genius of Italy invented the shears, which in two or three 
centuries more Avere fitted to the fingers, and thus started the scissors. 
The snuffers in Exodus is a mistranslation : the early tools for trim- 
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ming a lamp were a small knife with pair of tweezers to trim the 
wick, and a point to part the strands. 

In some cases it is curious to see how long men remained on the 
brink of an invention. Copper wire was made by cutting and ham- 
mering from 5,500 B. C., yet the drawing of wire remained unknown 
for 6,000 years or more. When the first drawn wire was made is 
not yet fixed, but it seems to have been unknown to the Romans. 
Thick beaten wire was made into chain with round links as far back 
as the second dynasty, 5,200 B. C. ; and links doubled up, and looped 
through each other, appear in the sixth dynasty, 4,200 B. C. Yet 
chains were not commonly used till much later. The Gauls excelled 
in such work, as they used chain cables and rigging in place of rope, 
to resist the Atlantic gales. The screw was a Greek invention, and 
greatly used by the Romans as a means of motion. Then centuries 
passed before the nut and screw for fastening was invented; and 
again centuries before the screw used to fasten wood, which first 
appears less than 200 years ago. 

The light that the distribution of tools throws on the status of 
ancient civilization is most valuable historically. Not only does 
the using of certain tools show a Ica el of work and ability, but the 
resistance to the adoption of forms known elsewhere shows that 
there was a sufficient ability already in a country. In the present 
day the forms of common tools differ in various parts of Europe, 
because each country has a civilization strong enough to carry on 
without copying another country. A large improvement in one 
country is the only condition on Avhich other countries Avill borrow 
from it, and only then if the changes will suit other conditions. 
^ATien we find that countries, known to have been anciently in con- 
nection, each steadily resisted various forms of tools used by the 
other, we have good evidence that each civilization was on such a 
level that it could f^upply all its wants Avithout great benefit by 
imitating another. This form of evidence gi\^es some insight into 
dark ages, of which but little detailed knowledge is preserved; it 
suffices to shoAA^ AAhether countries were far below one another, or 
on such an equality of AA^ork that each was independent. 

In Eg}^pt there were many forms of tools and weapons, which 
were then the standard types, and yet these are never found in other 
lands. The earliest ax (fig. 20) is a plain square form, from about 
6,000-5,000 B. C. Then a round ax (fig. 21) was adopted till nearly 

3.000 B. C. After that wider lugs were deA^eloped to enable it to be 
firmly bound on to a handle (fig. 22) ; and this was made in a 
lighter and longer form as a battle-ax (fig. 23) used mainly about 

1.000 B. C. None of these forms are found in other countries, vet had 
the lands around Egj-pt l)een much behind in their ax formas, they 
^'oulcl naturally have been influenced by Egj’ptian types, as there was 
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trade intercourse during all these periods. The only adoption 
of such forms was due to entirely independent reinvention of 
the ax with lugs in South America, without any intermediate 
example. The form is a natural one to adopt in hammered copper, 
for getting a firm attachment to the handle. 




20 to 36 — Forms of tools peculiar to Egj^pt. 


Other adaptations of tlie ax were the large blade of curved outline 
on the end of a pole (fig. 24) , the half-round halberd (fig. 25) and the 
long edge set in a stout baton (fig. 26) for a cutting blow. All of 
these were common in Egypt, but never spread elsewhere. 
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The adz in Egypt was at first a straight long blade of copper 
with parallel sides (fig, 27). Later it developed a rounded head-end 
(fig. 28), with contracted neck (fig. 29) to aid in binding it on a 
handle. Neither of these was copied in any other country. 

The chisel was at first sharp at both ends, and held by the middle 
(fig. 30). Later there is a deep mortising chisel with an equal curve 
of each face (fig. 31). Neither of these Egyptian forms appears 
anywhere else. 

The dagger, from prehistoric times onward in Egypt, had a 
crescent handle held in the palm of the hand (fig. 32) , so as to use the 
weight of the arm end-on for a thrust ; whereas the European dagger 
was always held as a knife, across tlie hand. The Egyptian ornament 
was by parallel ribs along the axis (fig. 33) ; in all other countries the 
ornament is by lines parallel to sloping edges. Some forms are 
entirely restricted to Egypt, as the cutting-out knife (fig. 3d) with 
a curved blade for cutting linen, the forked spear butt (fig. 35), and, 
in Roman times, the shears with detachable leg (fig. 36) and the 
sickle with replaceable teeth (fig. 8). 

Here, then, are IT tools and weapons, mostly of general impor- 
tance and use in Egypt, which were none of them required by the 
neighlioring lands, where there must have been some useful equiva- 
lents. 

The converse is equally true ; many forms were used around Eg}^pt 
which never were adopted there. In Cyprus and other lands the 
earliest axes are of a pillowy form (fig. 15), Avitli bulging faces. In 
Europe the double ax (fig. IG) was not only a tool and a weapon, but 
also a sacred symbol and a standard weight. In Mesopotamia the 
sloping socketed ax was usual (fig. IT), in Assyria the pickax (fig. 
18). Not one of these was made by any Egjqotian, and only two 
such were rarely brought in by Greeks in late times. 

The principle of sockets for handles was well developed in Italy 
and spread elsewhere, for axes, hammers, and chisels, yet no Egyp- 
tian would make a socketed tool, and the only ones in Egypt were 
brought in by Greeks. The use of hammered sides to a blade, to 
form a flange for stiffening it, w^as of early date in Syria, and general 
in the north. Yet it is rare, and probably foreign, in Egypt, and 
unknown in the Mediterranean. The girdle knife (fig. 19) is common 
in the West and in Asia ; the flamboyant-blade hunting knife (fig. 11) 
was usual in Italy, and spread into the North; the sword was the 
staple weapon in the North. Yet none of these were adopted by 
aud very few swords have been found .there, nearly all for- 
eign. In all these cases Egj^pt did not require a loan from the 
other lands. 

This sharp separation between countries endured for thousands of 
years, while they were trading in food, materials, and manufacture 
continually. e can only conclude that each country a Ready had, 
in these respects, w hat best suited it. 
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We now turn to the other historical point of view, the forms which 
are widely spread, because they were required. In Egypt at about 




37 to 51.— Forms of tools alike in Fa';t or vrost. 

52 to ()0.— Four variants of .-irilian razor, sei.arattl.v adoptcdin the Korth. 

r>,500 B. C. there suddenly appeared a very large wide-splayed adz 
(fig. 3.S), different from all that came before or developed later. The 
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same large splayed adz (fig. 37) appears in Cyprus; it evidently came 
from there to Egypt, or both lands drew on a common source else- 
where. About 4,200 B. C. the ax with two large scallops in the back 
edge (fig. 40), leaving three points of attachment, suddenly appears 
in Egypt; a thousand years later it is far more advanced in Syria 
(fig. 39) than in Egypt, and it probably originated there, and spread 
also to Greece. About 3,000 B. C. a very strange drawing of a sickle 
appears in Egypt (fig. 42) unlike any other there ; this is closely like a 
Swiss form (fig. 41). At the same time small daggers with notched 
tangs appear both in Switzerland (fig. 43) and in Cyprus (fig. 44). 
Here are links from the European copper age to the East. The same 
line of connection appears later, about 1,200 B. C., when the pruning 
hook (figs. 45, 46) from Xoriemn (the modern mines of Styria) 
appears in Eg}"pt (fig. 47) ; the rhombic arrowhead of Greece and 
Italy is found also in Egj^pt, the bronze hoe of Cyprus (fig. 49) and 
Eg}T^ (fig- spread northward in the Iron Age, and the European 
sword was rarely brought into Egj^pt. 

An interesting confirmation of history is seen in the knives with 
straight parallel blades and turned-over ends. These are char- 
acteristic of the Siculi in Sicily (fig. 51), and just at the time when 
the Shakal people were attacking Egypt the same knife (fig. 50) is 
figured in an Egj^ptian tomb, and a specimen also has been found. 
This proves the connection between the Siculi and Egj^pt at the time. 

A curious evidence of different trade routes is given by the razor. 
An unusual form in Sicily has a concave hollow or notch in the end 
(figs. 52, 54), which was reduced to a mere split (fig. 56) or a slight 
hollow (fig. 59). The notch form traveled into Italy (fig. 55) by the 
simple way across the strait. The concave hollow, Avidened as a cres- 
cent, traveled up to Switzerland (fig. 53) and Germany (fig. 60), 
probably by the Adriatic. The split form (fig. 56) traA^eled to 
Flanders (fig. 58) and England (fig. 57), probably by the Ehone. 
Here four different modifications branch from a tA^pe and are carried 
by different routes to distant lands. 

Tlie triangular arrowhead is believed to haA'e been started in south 
Russia. Thence it spread over central Europe and central Asia, and 
Avas taken by the xScythian migration into Syria about GOO B. C., 
and hence into Egypt. 

Tlius the spread of forms throughout the ancient Avorld illustrates 
the movements of trade and of Avarfare, while the isolation of various 
types at the same time shows how efficient and self-supporting the 
an(uent civilizations were in most requirements. The history of 
tools has yet to be studied by a far more complete collection of ma- 
terial, aboA-e all of specimens exactly dated from scientific excaA^a- 
tions. It will certainly be, in the future, an important aid in tracing 
tlie growth and decay of civilizations, the natural history of man. 



THE BACKGROUND OF TOTEMISM.’ 


By E. Washburn Hopkins, 
Yale U7iiversltif. 


The secret of the totem has been successfully veiled for many years 
through the ingenious efforts of would-be interpreters, some of whom 
have even ventured to explain all religion as an outgrowth of totem- 
ism* Others, less rash, have been content to find totemism where it 
never existed. A typical case of invented totemism may be seen in 
the Hindu deluge story, where Manu is rescued by a fish and the fish 
is interpreted as ‘‘probably a totem.” This tale really illustrates the 
"‘grateful animal” categoiy of folklore. A fish, saved by ^lanu, in 
turn saves him. It is a fish that grows too rapidly to be a normal fish, 
yet it is identified with the jha^ha^ of which genus the malcara is the 
best species. Manu does not revere it ; it is at first no divinity. Only 
long afterwards, when the chief god becomes Brahman, and again 
when Vishnu is exalted, does the fish become a divine form and 
Avatar. 

The people of the Vedic age knew the boar, the wolf, the monkey, 
the swan or goose, the eagle, the crocodile, the serpent, and before its 
close the elephant, and the tiger, yet they worshiped none of them, 
nor showed any sign that they felt themselves akin to any one of 
these animals. It is true that sometimes a Vedic god is said to 
“rage like a terrible beast,” but only a perverted intelligence could 
find in this statement evidence that the god had previously been the 
animal.2 Divinity of real animals is borrowed afterwards from the 
wild tribes (who have totems) or is a later growth which recognizes 
divinity as in a cow because the cow gives food. The (cloud) cows 
of the air like the (lightning) snake of the sky may be ignored as due 
to poetic diction. So the fact that the sun is a bull, an eagle, a horse, 
is no indication that any one of the three was regarded qua animal 
as a totem or even as divine. 

Most attempts to find totemism where it is not remind one of the 
clever old Brahman who instructed Madam Blavatsky that all things 
w^ere known to the seers of the Rig Veda. “Even the steam engine?” 

1 Reprinted by permission from tho Journal of the American Oriental Society, vol. 38, 
pages 145-159. 

2 This is the absurdity to which Wundt is led, who says that because Homer’s heroes 
are like lions therefore they are totemistic survivals (Mythus und Religion, 2, 285). 
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he was asked. ^'Certainly/' he replied, ‘'for, look you, in this place 
is mentioned smoke, here they speak of fire, and here again they sing 
of a car, and what is a locomotive save a car with fire and smoke?"’ 
So, to prove the existence of totemism, it is not enough to point to 
descent from a lion or to an individual name. In Africa clan-totem- 
ism often reverts to animal names given to one chief in flattery, '‘O 
thou elephant,’" "O thou lion among men."’ 

Totem is said to mean ‘'token,” implying group relationship ; but 
not blood relationship, since this would exclude plant totems, unless 
these are all secondary. But at present there is a tendency to deprive 
the word totem of every meaning it ever had. The totem of British 
Columbia is a protective spirit (often not animal) seen in a vision 
and has no relation to relationship; it is individual, not clannish. 
An African chief, on dying, said that he would become a butterfly. 
Straightway the butterfly became the “totem” of his clan (i. e., they 
would not kill it) . And what shall we say of totems defined as “odds 
and ends"’ and “knots” (in Samoa), or the “heart of all animals” and 
“intestines” (African Kiziba “totems”) ? A\Tiat is the use of calling 
these totemic phenomena? Each is simply a case of taboo; to one 
clan “intestines,” qua taboo, became sacred; but that is not a totem. 
So sex totems, honorific totems, color totems, cloud totems (Austra- 
lian) , twins as totems (Bantu Bahima) — are these totems at all ? Or 
shall we say with Doctor Goldenweiser that, since every characteris- 
tic of totemism is negligible,^ there remains as totemism nothing save 
a vague tendency for social groups to become associated “with objects 
and symbols of emotional value,"" and that totemism is merely a 
"specific socialization of emotional values'"? Would not this tenuous 
definition apply to a Baptist church as well as to a totemic clan? 

It may not be superfluous to remind the general student that totem- 
ism as the foundation of religion is only one of many suggested 
, foundations, not one of which by itself will uphold the burden 
placed upon it. It was thought to be fundamental because it was 
.said to be universal. But despite Robertson Smith's great work it has 
not been proved to be Semitic.^ Xor has it been found among the 
Aryans, where even in the Lupercalia it cannot be discovered.^ In 
Africa what is called totemism is not religious and is usually derived 


^ The “ invariable characteristics ” of totemism are supposed to be (‘xogamy, taboo, re- 
li^ous veneration (totem worship), name, and descent. But none of these is a necessary 
fact<jr in totemism. Dr, River's “ three essentials ” are in typical form exogamy, descent, 
and taiioo (of totem flesh), whereas totemism may exist without any of these character- 
istics and es.sentials. See Totemism, an Analytical Study,” by A. A. Goldenweiser, 
Journal of American Folklore, 23 (1910), p. 182, 200, 27o. 

- Uhat Dr. Robertson Smith showed to exist among the SHmites were elements of a pos- 
sibU^ totemism ; but ho could not show their combination. See his Religion of the Semites, 
^ < opposed) Lyall, in JKAS, 1904, p. 5^9. 

Archiv ffir R('Ugion.-,wi'^scnscliaft. Iblo, p 481 f. For other 
1907^ p ^939 The Religion of the Teutons, p. 74, 98 ; and A. B. Keith, JRAS, 
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from the personal totem.^ In South America €f\^en Dr. Frazer ad- 
mits that toteniism and exogamy exist in only two tribes (the Goa- 
jiros and Arawaks, withal ‘Silmost surely/’ not quite), and the 
'' mother sea and mother maize ” of Peru were only ancestral 
food-givers (not totems). Moreover the admitted fact that the skin 
of the lion ancestor worn at festivals by the Chanchas is no evi- 
dence of totemisni reacts on the explanation of such skin-clad revelers 
elsewhere, as in Greece and Eome.^ 

But by dint of calling almost anything totemism, totemism has 
been found almost everywhere. It really does exist in many different 
parts of the world, North America, Africa, Polynesia, Australia, etc. 
We will take it as we find it in some of its most primitive forms, 
where it has nothing to do necessarily with religion or with marriage. 

In Australia, where we have been assured that there is no religion, 
only magic (but this is a fallacy), and where at any rate we find 
totemism without religious implication, there are two things to be 
considered. First, is this Australian culture unique or is it only part 
of a greater complex, taking in the Melanesians '( Indications point 
to a common substratum rather than to isolation. How the connec- 
tion arose is not difficult to imagine; why it stopped is harder 
to guess. At any rate there is the possibility that Australian 
savages represent not the most primitive stage but a decadent form 
of an earlier stage of culture, when, for example, these savages could 
sail the sea. Then, secondly, there is to be considered the conqilex 
of totemic groups. For the purpose of this paper I have stressed 
the kind of totemisni in which the totem is eaten and exogamy is 
not considered. But no one kind of totemisni can be posited for 
Australia. If totemism imply a relation (magical or religious) be- 
tween a clan and a class of animals or plants, Australian totemism 
may be either in the female line (the child then belongs to the class 
of the mother), or in the male line (the child then belongs to the 
father’s class of animals), the former sort being found more in the 
eastern part of the country, the latter in other parts. But the 
Australian group may be merely a fortuitous class of collective own- 
ers of a certain territory, and in this case the child belongs to its 
father’s totemic class, but the group is not exogamou« (a western 
sort of totemism). Besides these sorts there is the totemism of the 
cult society, in which all are totem members; the divided society, in 
which each half of the tribe has a different totem ; and that of the 
four or eight divisions of relationship ; while, in addition, sex-totem- 
ism again divides the tribe into two totemic parts. Moreover, per- 

^ See, for example, Ellis. The Tshi-sp^^akin,?; Peoplos, etc., p. 20.1 f. ; Nassau, Fetichism 
in West Africa, p. 210. Bantu totemism is usually of this sort. There is here’ no venera' 
tion for the totem. 

2 See Frazer, Totemism, p. 91 ; The Golden Bough, 2. 29:i ; Totemism and Exo-amv •'> 
230; 3. 571, 579. 
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sonal totemisna (New South Wales) gives every individual a separate 
totem. In some of these there is a definite ritual ; in some, no ritual 
at all or a negative ritual.^ 

Australian custom has thus cast fresh light on totemism. But 
whereas in Australia reincarnation is associated with totemism and ' 
the guardian spirit is not associated with it, in British Columbia 
the guardian spirit is intimately associated with totemism and rein- 
carnation is not associated with it. Moreover, descent from the 
totem is assumed in Australia and may be absent in British Columbia 
(it appears only in some tribes and then not clearly). 

A very peculiar form of totemism has recently been found in the 
matrilinear society of the Fiji (a race probably connected with the 
Australians). There a man may eat his own clan totem, but may 
not eat his father's.^ His own totem is derived from his mother. He 
may eat it, but his son may not. All the food growing on his father’s 
tribal area (a sacred place) is taboo to the son, whether it be a 
banana or an eel, or both; to the son it is all spirit food/’ taboo (but 
called “totemic”). As a converted Fiji Christian explained the 
matter : 

Bananas and eels were forbidden to me by relijrions scruple^ because they 
belonjjed to my father. Formerly, if I ate them, they would make my mouth 
sore, but now that I have become a Metliodist without any religious scruples, 
they do not hurt me. 

This is “totemism” in terms of legal right to property. Any- 
thing gi^owing or living on the paternal land is “totem;” i. e., taboo. 

In northern Australia the majority of the tribes do not eat, or 
eat only sparingly, of the totem ; but in some the mother s totem, if 
given by a member of the group, may be eaten. Here, too, it is a 
question of legal rights rather than a religions matter. In the 
Kakadu (northern Australian) form of totemism, the totem is de- 
termined by the spirit of a deceased person thought to be reincarnated 
in the totemist, and in this case there is no food restriction at all, 
simply because it is not a case of real totemism, since the spirit 
mav come from any ancestor.^ 

It is evident that totemism raises the whole question of the funda- 
mental relation between things secular and things religious in 
primitive mentality. Are they radically divided, is there a distinct 


^ Compare the paper of Mr. A. R. Brown at the Meeting of the BritKh Association for 
the Advancement of Science, August, 1914, in which the different forms of Australian 
totemism are classified. 


“Compare .V. M. Ilocrat, “The Dual Organization in Fiji,” Man. lOlo, no. .S. A man 
may eat his own clan animal (“ dispose of his own ”), “ but he may not eat his father” 
(sic), because his father’s is not his to dispose of. 

K children swarm about and enter w’omen, as in the Central Australian Aronta 

e e , .fp Baldwin Spencer, Tribes of the Northern Territory of Australia (1914). On 
between Australia and :Melanesia, see Rivers, History of Melanesian Society, 
ancestors in the New Hebrides a tribe traces its descent to a 
boomerang which became a woman ancestress of the clan. 
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cleavage between them, as is assumed in Diirkheim’s system, or shall 
we say that, as among the primitive Veddas, no such cleavage exists 
originally, but it develops gradually in accordance with the part 
played by religion in the social life? Conduct seems to have an 
accidental connection with religious life ; not an intrinsic connection 
sufficient to produce a system of religious ethics. Even in the same 
race and clan totemic systems differ in regard to their social bear- 
ings.^ 

Once it was supposed that totemism conditioned the bed and board 
of the totemist; he must marry out of his totem group (his kin) and 
he must not eat his totem except as a religious sacrament. On this 
assumption all the old theories of totemism were based. Exogamy, 
it was thought, arose from totemism.^ 

But as exogamy exists without totemism (e. g., in Assam and 
Polynesia), so totemism has nothing to do fundamentally with 
exogamy, The Australian totemic clan is not as such exogamous.”® 
Again, the totemist may or may not eat his totem. The totem also as 
a “ receptacle of life” of the totemist has been imagined to be exercis- 
ing its primitive function; but this theory (of the origin of totemism) 
has also been seen to be faulty. The personal totem has influenced 
the aspect of totemism in America. Much of what is called totemism 
in Africa originates in personal, not tribal totems, though it may 
become tribal. In Coomassie, for example, vultures are sacred to 
the royal family either through the caprice of a ruler or because 
they are useful as scavengers.^ This is thte kind of “ totem ” one 
finds as the totem of the royal house of Oudh in India, a fish that is 
really the symbol of a water god who was once a Mohammedan 
saint. 

The totemism of the name is the prevailing Polynesian and 
Micronesian type and apparently it is there the earliest. Among 
the most primitive Micronesians there is nothing religious in the 
use of totem names or the plants and animals regarded as totems. 
It is to be observed also that here plants are as natural as animals 
in a totemic capacity. Since this is true also of primitive Australian 
totemism, it is evidently a false assumption that blood kinship 
Underlies totemism, especially when the totem may be, e. g., light- 
ning, as in Australia. In the Efatese (Micronesian) group, which 
is regarded as extremely primitive, women names are usually those 
of vegetables, and as the clan name is given by the ancestress there 
is really more vegetal than animal totemism.® Both kinds are found, 

1 Compare B. Malinowski in Man, 1014. no. 89. 

2J. F. McLennan, rrimitivc Marriage. A number of other works embody the same 
theory. 

3 Goldenweiser, op. cit., p. 241. 

^ Ellis, Tshi-speaking Peoples, p. 213. 

^Compare D. MacDonald, The Oceanic LanguMges, p xii. 
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however, and the point is chiefly that in the Efatese custom we have 
evidence of primitive totemism absolutely without reference to re- 
ligion. The Efatese came perhaps from Arabia and may represent 
a primitive Semitic condition, where a purely economic and social 
matter became gradually overlaid with a religious coloring. So our 
Iroquois did not worship their totems, nor descend from their 
totems. Xor did the taboos of the Omahas have anything to do 
with their totems, and they also may descend from guardians. Even 
the name of the Omaha group is not that of the totem. Thus totem- 
ism is not a homogeneous institution. Under the appearance of 
uniformity it conceals a heterogeneous collection of social and reli- 
gious conditions as vague and unsystematic as are those of taboo and 
fetishism. It consists, if it means anything specific, in clan respect 
for a class of plants or animals and usually in a regard for ancestors; 
but there is no proof that the most primitive totemism represents a 
condition in which these elements were already fused and confused, 
so that the plant or animal was the clan ancestor, whose descendants 
have human brothers who will not slay them. The clan worship of 
an inviolate totem is a late, not a primitive form. Originally, real 
totemism may or may not be religious; it starts with a certain 
relation to the source of food and is apt to end with food, but 
on its course it is obnoxious to all the ills of a diseased religious con- 
sciousness. The taboo of eating totem flesh is general in North 
America (though not universal), but such a taboo is not necessarily 
coterminous with the class: it may include a larger group, hence it 
may not be totemic in origin. 

Certain aspects of totemism, such as tattooing and the use of 
totempoles and the “ medicine carried by totemists, may he omitted 
from the discussion of primitive totemism. So the various taboos 
incidental to totemism are results which in themselves do not explain 
totemism. A vital error is that the sacrifice of the totem is funda^ 
mental ; this leads to the idea that all sacrifice is based on totemism 
Lastly, there is a bookful of errors based on false notions of “ original 
totemism and to be avoided as idle speculations. One well-loiown 
writer has declared that all domestication of animals reverts to 
totemism; wild animals, finding that as totems they were not mo- 
lested, came to man and became household pets; wolves became dogs, 
tigers became cats. So plants were cultivated first as totems until 
man discovered that maize was good to eat and tobacco to smoke! 
Wundt explains man's present dislike to a diet of vermin on the 
assumption that we have inherited the feeling that vermin are sacred 
ancestral totems. This incredible suggestion is made in all serious- 
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ness and is merely an instance of what imagination can suggest 
under the guise of science,^ 

The name theory of totemism is an old error. Herbert Spencer 
derived totemism from names ; Jevons derives names from totemism. 
Andrew Lang attempted to explain the totem as a name and part of 
a system of naming.^ Something similar has also been tried by 
Pikler and Somlo, who hold that the totem is a kind of writing — 
that is, that the totem animal, painted, served originally as a mark 
to distinguish one elan from another.^ 

Other theories refer totemism to a belief in metempsychosis or 
to a belief in a personal guardian spirit. The first was favored by 
E. B. Tylor; but as metempsychosis is held by non-totemic people 
and totemists do not all believe in metempsychosis, this theory does 
not suffice, though it applies to certain selected examples, like the 
Bantus. The guardian-spirit theory has been dubbed the American 
theory, because it was invented here ^ and is illustrated by American 
tribes. Yet the fact that this type of totemism is laclring in many 
places; for example, among the wild tribes of India, where totemism 
is common, does not make for its acceptance as a general explanation 
of the phenomena. The phase is, in fact, not tribal but individual, 
and against the theory stands the circumstance that it excludes 
women, who have no personal totem. The guardian spirit (which 
may or may not be an animahspirit) is in truth not a totem but 
rather resembles the bush soul. In higher form it becomes the genius 
and guardian angel. 

:Sir J. G. Frazer has advanced several theories in regard to the 
origin of totemism. He used to hold that the totem was the soul- 
keeper ; but he then abandoned this view in favor of the theory that 
totemism was a system of magic intended to provide a supply of 
food for somebody else. This altruistic theory he explained as 
follows : In a group of clans every clan killed its own totem for some 
other clan and subsisted itself on the kill of a third clan. Clan A 


1 In his Mythus iind Religion, 2, 208. Wundt thus explains by inherited Gefiihlston ” 
man's otherwise inexplicable aversion to a diet of worms, mice, snakes, etc. WTiat is true 
is that there is a common superstition to the effect that vermin represent the souls of 
demons or of evil persons fin India due to Karma; hence holy water keeps off noxious 
insects). Wundt of course derives all nature gods from animal gods. lie ignores com- 
pletely the cogent evidence to the contrary. In Churchill’s Weatherwords of Polynesia 
(1907), men are derived direct from divine weather aspects, rain, clouds, etc., which, as 
gods, generate all the races of earth. The savages who thus invent gods of phenomena 
as ancestors can not be ignored ; they represent a religious phase as primitive as totemism. 

2 The Secret of the Totem (1905). 

3“Der Ursprung dos Totemismus,” in the Jahrbuch fur Vergleichende Rechtswissen- 
schaft, 1902. On th(^ deficiencies a.s well as advantage of the name theories, Wundt has 
some sound remarks, op. cit. 2, 265. 

^Miss Fletcher, The Import of the Totem (1895) ; Boas, in V. S. National Museum 
(1897). The personal guardian (seen in a dream) taken from the animal world is 
found also among the Ihan of Borneo (originally from Sumatra). See The Pagan Tribes 
of Borneo, by Charles Hose and William McDougall (1912). 
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killed for Clan B, Clan B for Clan C, etc.^ It is difficult to believe 
that savages, whose main business in life is to look out for number 
one, ever arranged their hope of a dinner on the precarious promise 
of some other clan to supply them with food; and in fact Dr. Frazer 
himself abandoned this sic vos non vobis theory in favor of still a 
third explanation, which he now thinks will be his last theory. At 
any rate, it is his latest, though we may venture to hope it will not 
be his last. It is based on the fact that some savages believe that 
their offspring comes not from intercourse between men and women, 
but from the spirits of animals or quasi -animals seen by a woman, 
or from the food she eats. They think that the spirits which thus 
become their children are really the animals they have seen or whose 
flesh they have eaten Ijefore conceiving. Hence Dr. Frazer calls this 
the conceptional theory.^ 

Curiously enough, almost all these theories absolutely ignore 
the usual foundation of toteinism. The works of Spencer and 
Gillen on the tribes of central Australia have shown that here totem- 
ism generally reverts to the principle of food-utility. The so-called 
Opossums in central Australia received their totemic name because 
they ^‘subsisted principally on this little animal.*'^ Is not this the 
most natural reason in the world ? They that eat ’possum are called 
’possums. They that eat meat in India are called Heaters. Do not 
we also have frog eaters, beef eaters, etc. ? It is much to be regretted 
that Dr. Frazer in his latest theory has flung away completely 
all connection between food and totem, or admits it only as an acci- 
dental element in the conceptional theory. In fact, most totemism 
rests on food supply. The ancients tell us that the totemic troglo- 
dytes at the time of Agatharcides regarded their cattle as parents. 
Why^ Because (they said) thdr cattle supplied them with food.^ 
In the Harivansha, which reflects Hindu belief of circa 400 A. D., 
the cowboys say : 

The hills where we live anU the cows whereby we live are our divinities; 
let the gods, if they will, make a feast to Indra ; as for us, we hold the hills 
and cows to be the objects worthy of our worship and reverence. For in that 

^ rhe food thGory of Ur. A. S. Iladdon L that clan suhsist»‘(l on one animal and 

gave 10 its neighbors its superfluous supply : if crabs, then they would he called the Crab 
rian. 

2 Compare The Golden Bough (1900), 3, 417 f. ; Totemism and Exogamy. 4, 41 f. 
Or.' Frazer's latest theory is based on the investigations of Dr. W. H. R. Rivers, Totemism 
in Polynesia and Melanesia, Journal of the Ro 3 ^al Anthropological Institute, 1909, p. 172 f., 
in regmrd to the belief of the savages of Banks’ Islands in the northern New Hebrides, 
especially the native?, of Mota and Motlav. The conceptional idea itself is found, too, not 
only in Australia but in Germany, where also women were supposed to conceive on sight. 
On P. W. Schmidt’s "trade totemism,” Z. t E., 12 (1909), which follows the lines of 
!• raaer s thcorj* of food exchange, see Goldenweiser, p. 277. 

^Spencer and Gillen, The Native Tribes of Central Au-stralia, p. 200. 

Robertson Smith, The Religion of the Semites, p. 296. 
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they serve us they should be requited. That whereby one is supported should 
be his divinity ; hence we will make a festival in honor of our cows.^ 

This is exactly the Toda point of view, though not the Toda rite 

The totemless Hindu here recognizes that the provider is the god 
to him provided for. This is the general background of “real 
totemism.” It is found all over the earth and at times comes to the 
point of gliding into true totemism. 

Thus, in Peru fish are deified on the seacoast and maize is not ; but 
maize is deified inland, simply because it is the staple diet. This is 
the first step in totemization. The giver of food is the giver of life ; 
the giver of life is conceived either as father and as mother or as both 
parents and god. Hence the maize is called not only divine but 
mother. 

In the Boston statehouse there hangs to this day the effigy of a 
huge codfish, an object of almost devout reverence. Why? Because 
our Yankee ancestors got their food supply to a very great extent 
from this kind of fish. For that reason only was the cod elevated 
to a position of such dignity. They did not worship it, but they 
made it their “token.'’ Their thought was “in Cod we trust,” and 
they expressed this thought openly in the idol of that fish. 

In Yezo a bear is sacrificed annually as a half-divine animal. It 
is fed and nourished by the women and then “ sent to its parents ” 
with every mark of sorrow and respect. Now this Yezo bear is not 
a totem. The Ainu claim no clan blood-brotherhood with it. Yet 
in this sacrifice Ave are at the very edge of true totemism; for the 
bear is the food supply, hence divine, hence too, sacrificed, that it 
may take a message to the bear clan, tell how well it has been treated, 
and return next year. Compare with this the spring sacrifice made 
by the Mayas of one animal of each species for the sake of getting 
increase. Are not these (which are not examples of totemism) al- 
most totemistic? The Yezo ceremony is like that of the British 
Columbian Lillooet, who also sing a song of mourning to the bear 
they kill and invoke it to send game of its own kind. Even the rais- 
ing of the head on a pole is found here.^ Yet this is not a “ totemic ” 
clan. 

But, it will be urged, why then the prohibition against eating the 
totem? In Australia the prohibition against eating is, as I haA^e 
shown, a secondary stage, while in some cases there is merely a hyr 
gienic restriction. In America many tribes eat their totem, while 

1 Gfivo hi pujyrih * * ♦ goyajfmm karayisyami, Ilariv., 2, 16, 1 f. (3807-3851). 

The cows are garlanded and sacrifice of meat and milk is made to tho hills. It is grossly 
explained in the sequel that god Krishna “became the hill” (transubstantiation) ; but 
this is merely an orthodox trick to convert tho rustic rite into one in honor of the 
recognized divinity. 

^Tcit, Jesup Expedition, apud Goldenweiser, op. cit., p. 204. 

136650"— 20 38 
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vegetable totems (maize, for example) are clearly sacred because 
they are a food supply. Sun supply and food supply in Australia 
brought forth the same rites. In other words, both rituals were for 
the same purpose, to increase the power of food giver and light 
giver as food giver. Xor can it be objected that “things not 
fit to eat” are made totems. Different times, different stomachs. 
Even our immediate forefathers ate things that we w’ould 
rather revere than eat, and savages eat anything edible. Again, 
inedible things, such as poisonous objects, become holy by way 
of being liygienically taboo, and such a taboo plant, as holy, 
tends to confuse totem holiness with taboo lioliiiess. In India 
there are many taboo trecb and taboo iDlants, though none is a 
totem to the Aryan. They are taboo either because they are sacred 
to a god or because they are poisonous. So we have poisonous 
totems. The Begandas of Africa say that their whole totem sys- 
tem (it is not really totemism, but resembles it) is based on purely 
hygienic principles. Their “totem” is injurious; it made their an- 
cestors ill ; hence it is “ holy ” ; hence not eaten. But others may eat 
it. Many other peoples permit their neighbors to kill the totem they 
themselves would like to kill and eat did they dare. The Australian 
Blackfellow noAV kills rarely what he used to kill and eat freely. 
xVlabama and Georgia Indians always used to eat their totems. Is 
it not an assumption to say that these edible totems represent a later 
stage? Australian custom suggests that the non-edible totem is the 
later totem, the more edible the earlier. Moreover, worship is a 
secondary stage. The Omaha Indians never worshiped their totems. 
The Californians show a middle stage, that of the Egy ptians and 
Todas, who kill but rarely and eat the totem as a sacrament. Then 
behind that lies the stage in which the totem is killed freely all the 
year round, but once a year is lulled a^^ a sacrament. Such is said to 
be the totemism found among some tribes of the Caucasus, and it is 
the usage, but without totemic kinship, of the Ainus already de- 
scribed. The animal killed is offered apologies lest its spirit retali- 
ate; but this apologetic attitude is found with savages even when 
they kill an ordinary animal or cut down a tree. It is assumed 
merely to safeguard the slayer from its victim's angry spirit.^ 

One plant and one animal in India have been divine for millen- 
niums — the moon plant and the cow. Their deification as drink and 
food was gradual. At first anyone might drink the moon-plant l)eer 
and any gue&t had a cow killed for liis food. The^Soma tlien became 
reserved for the priest, the cow became reserved as milk giver. Both 

* Tho apology to any animal slain made in Amori^a ; to tho tro<\ for fx-aniplc in 
Africa. It docs not imply constant worship, but only a parsing rc-portful solicitude lest 
the animal or tree, being v.'xod, retaliato This attitiuh' results in a ^ort of momentarv 
“worship” (placation). * 
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became as food and drink divine; Soma as intoxicant became a 
magical thing, taboo to the vulgar. Yet neither Soma nor cow ever 
became a totem. Their divinity lay in their use not in their an- 
cestorhoodd 

Wundt thinks he has added something to the history of totemism 
by saying that in establishing the totem on a cultural basis the cult 
itself was made permanent; in other words, periodic religious cere- 
monies leading up to an observance of days in general were intro- 
duced by totemism, which (in Wundt's own words) was “the great- 
est and most important step taken in the development of cult ” (that 
is, of cult in general).^ Yet this discovery of Wundt is not so sig- 
nificant as it appears to be. For it rests on the conviction that 
totemism is the base of all other cults. As a matter of fact, savages 
base their cult much more generally on seasonal* changes than on 
totemic observances; in fact, the latter are often no more than the 
reflection of the former. Wundt with his overdriven theor}^ of the 
Fanany-cult fails to recognize the equally old and far more common 
fear of animals not as totems but as spirit forms of reincarnated 
human beings. This popular belief is more important than that of 
the “worm spirit.” On the whole, Wundt’s theory that totemism 
underlies all religion and that, underlying totemism, is the belief that 
the worms crawling out of a dead man’s body are his souls is as little 
likely to satisfy serious investigators as any of the one-sided theories 
of the origin of religion which preceded it. Xot only is totemism 
not the basis of religion, it represents no religious stage or stratum 
whatever.^ 

If, then, we have regard to the fact that Avith all its divergencies 
in detail totemism in its original habitat (i. e., where the name arose) 
is in the main a recognition of a peculiar bond subsisting between a 
group of human and a group of animal or vegetable beings, that this 
bond is not an indiAudual or sex matter, but that in the great ma- 
jority of cases it is connected with dietary restrictions, we haA^e the 
basis of what may reasonably be called totemism. To dub every cult 
of an animal totemic is like calling any object of religious regard a 
fetish; it tends to meaninglessness. From this point of Anew we 
may then reasonably admit as totemic what appears to be the earlier 
stage in this human bond, as illustrated by the cases forming Avhat I 
haA^e A’entured to call the background of totemism, Australian, 
Peruvian, etc., in AAdiich the reason for the bond is palpably because 
the totem (though not yet a real totem) is regarded as the provider 
of sustenance, primarily because it is the totemist’s food, Mother 

1 Tho fliviue myrobolan called chebulic ” an efficacious drug arose from a drop of 
amliro^sia ; garlic sprang from dnjps shed by Uahu and has a demoniac power, etc. The 
A'nruna tree is named for the god. Oth.n* plants and trees receive a similar sanctity. 

-Wundt, op. cit. 2. 2.18, 

2 See on this point the yery sensible observations of Dr. Goldenwciser, op. cit., p. 264. 
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Maize, Grandfather Fish, etc. Even where there is no tribal bond 
in the individual guardian this motive shows itself in another form, 
for the guardian is a spirit whose guardianship is especially exer- 
cised in leading the ward to his food, directing him on the hunt, just 
as the father ghost of the Yedda is invoked mainly to guide the sup- 
pliant son on the track of his prey. 

If we abandon this guiding thread we are lost in the labyrinth. 
There remains no more than a A^ague notion that totemism indicates 
a social apprehension of some spiritual power, or, as a recent sci- 
entist has expressed it, “ What is totemism anyway except consecra- 
tion to spirits?” Nothing is gained by such a definition. On the 
other hand, it is a great gain to recognize that the old limitations 
imposed upon totemism are not essential; it does not necessarily 
imply worship, exogamy, descent, or name. All these things are 
special social A^ariations springing out of totemism according to 
circumstances.^ 

Thus, finally, the matter becomes a question of definition. Is it 
well to make totemism synonymous with any trait found in it? 
After all, the word totemism is American, and in America, until the 
sociologists began to play with it, it had a pretty definite meaning 
not necessarily involving name, descent, exogamy, worship, or taboo 
but always implying a clan connection with a class of animals or 
plants, and this connection ought to be maintained in our use of the 
Avord. Tliat this connection was originally based on economic 
grounds (as I think) is a secondary matter. But we should not call 
lightning or intestines ^‘totems.” In an already established totemic 
enAuronment such wierd totems ” may be adopted, as the social need 
of a totem may be satisfied by calling any object of taboo a totem, 
but secondary phenomena should not lead us to ignore what totem- 
ism really represents. 

^Among the Oilyak'^ a rlrowned clansman becomes a beast called Alaster (spirit), who is 
revered as a guardian. But this spirit lacks the fundamental es'^ence of totemism in 
that it is (or was) human and individual. A half-human totem is a common Australian 
phenomenon, but always this monster is invented as an explanation of a bifurcated de- 
scent into animal and human categories j either the animal nature is always pre^^ent, or 
the human ancestor has a very intimate connection with the totem animal. Association 
serves as well as descent in America to give the totem, but it is association with a non- 
human creature. In British Columbia, as in some of our tribes, the totem animal is a 
regular source of food supply and is freely hunted, killed, and eaten. 



A GREAT NATURALIST— SIR JOSEPH 
HOOKER/ 


By Sir E. Ray I^nkester, K. C. B., F, R. S. 


It often happens in the progress of human thought that periods 
of special importance are marked, not, as rarely occurs, by the 
emergence of a solitary genius, but by the appearance of a group of 
gifted men of like habit of mind and enthusiasm for a given branch 
of study. Their coincidence in mental activity has been due some- 
times to family connection and local association, sometimes to the 
system of universities in which a professor of genius is succeeded 
by his pupil and he again by his, so that a ‘‘school” originates 
which may spread its members and its teaching far and wide. 

In the middle of the nineteenth century a group of naturalists 
appeared in this country who were destined to bring about a momen- 
tous change in human thought, by placing on a firm basis the doctrine 
of “ organic evolution ” — a doctrine which includes the gradual and 
“natural” development of living things from nonliving matter, 
and further the gradual and “natural” development of man from 
an animal ancestry. The group we have in view has Charles Lyell 
(born in 1797) as its starting point. Devoted from his earliest 
years to the study of natural history (his father being an accom- 
plished botanist), Charles Lyell, when an undergraduate at Exeter 
College, Oxford, was attracted to geological study by the lectures 
of Canon Buckland. He was called to the bar, but fortunately his 
inherited property enabled him to abandon that profession when he 
was 30 years old, and to give all his energy to his favorite science. 

In 1830-1832 Lyell published his memorable work entitled “ The 
Principles of Geology : An Attempt to Explain the Former Changes 
of the Earth’s Surface by Eeference to Causes Now in Operation.’’ 
That book and personal friendship with its author had a command- 
ing influence upon two younger men, Charles Robert Darwin and 
Joseph Dalton Hooker, the former 12 years and the latter 20 years 
Lyells junior. Darwin, who had studied geology with Sedgwick 
of Cambridge, was away on the voyage of the Beagle from 1831 to 
183G, when Ly ell's great book was published, but came immediately 
under its influence on his return, and in 1S38 was closely associated, 

1 Reprinted Ly permission from the Quart<*rly Review, October, 1018. 
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as secretary of the Geological Society, with Lyell, for whom he 
conceived a profound admiration and lifelong regard. 

Hooker left England in 1839, being then 22 years old, to accom- 
pany Captain (afterwards Sir) James Clark Eoss, the experienced 
Arctic navigator, on the expedition of the Erehus and Tenor to 
the Southern Hemisphere and Antarctic polar regions. The main 
purpose of this expedition was to make observations on terrestrial 
magnetism and to determine the position of the southern magnetic 
pole. But Eoss was an ardent naturalist and anxious to ‘ observe 
and collect both plants and maiune animals, and accordingly man- 
aged to take young Hooker as surgeon (he was M. D. of Glasgow) 
to the Erchus and botanist to the expedition. Eoss not only gave 
his young surgeon eveiw facility to collect plants in the various 
lands visited, but also employed him to work the towing net and 
make drawings of marine invertebrates when at sea. Some 60 years 
later a large portfolio of these beautiful and interesting drawings, 
which had never been published, were placed in the hands of the 
present writer by their venerable author, to ascertain whether, 
after so long an interval, they might have scientific value. 

Young Hooker had Charles Darwin s example before liim, and 
the recently published Journal of a Xaturalist on H. M. S. Beac/le'^'^ 
in his cabin, when he sailed on the En hii^^ but did not make Dar- 
win’s acquaintance until 18J7, four years after his return from the 
Antarctic. Hooker's association with Lyell was earlier, for the 
Lyells of Kinnordy were intimate friends of his father; and it was 
from Sir Charles Lyell's father that he received the newly issued 
copy of Darwin’s ^'Journal,’' just in time to take it with him to the 
Antarctic. With Charles LyelPs gi'eat book he had early famil- 
iarity, and he had also read Eobert Chambers's Vestiges of the 
Natural History of Creation, which appeared in 1832. Though not 
a very convincing work, it turned liis thoughts, with very definite 
results, to the question of the muta])ility of species — already raised 
by the essential nature of Lyell's geological doctrine and Avidely 
discussed at that time in conseciuence of the writings of Lainarck 
and St. Hilaire. 

To this group of three (Lyell, Darwin, and Hooker), who were 
richly stored Avith knoAvledge of living things by their explorations 
in many parts of the globe, there was iioav added a fourtli, T. H. 
Huxley. He made Hooker's acquaintance first at the British asso- 
ciation meeting at Ipswich in 1851, haAing recently returned from 
the voyage of the surveying ship RattJe.sniake. to whicli he had been 
appointed surgeon with a \'iew to the opportunities thus proAuded of 
making studies in marine zoology. Old Sir John Eichardson, the 
Arctic explorer, a first-rate naturalist and head of Haslar Hospital, 
whither in those days young naval surgeons were sent on probation. 
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had detected Huxleys abilities and secured for him the post on the 
Rattl-emahe in 1847, just as eight years earlier he had used his in- 
fluence to secure for Hooker a similar position on the 

These four men, Lyelh Darwin, Hooker, and Huxley, were the 
actual “ begetters and the chief propagators, both in the more 
restricted w’orld of science and among the larger public, of the vivi- 
fying doctrine of organic evolution. The close personal ties which 
linked the first three were strengthened by the marriage of Joseph 
Hooker in August. 1851, to Frances Henslow, eldest daughter of the 
Cambridge professor of botany, the man who turned Charles Darwin 
to a scientific career. Huxley came to them, to use Hooker’s own 
simile. “ as steel to a magnet,’' and was soon admitted to tlie closest 
intimacy, giving them and receiving from them the warmest affection. 
A tie of fellowship between Hooker, Darwin, and Huxley was that 
they were all three old salts and had the training and “ the knowl- 
edge of men '' given l)y service in the royal navy. Huxley also met 
and sealed a close alliance with John Tyndall at the Ipswich gathex'- 
ing of the British association in 1851, and so bi'ought that physical 
philosopher into clohc and permanent relationship with the Dar- 
winian ‘‘ nucleus.'’ He, too, brought Herbert Spencer into constant 
relation with the group: whilst young John Lubbock (afterwards 
Lord Avebury), who was a neighbor of Darwin’s, now settled at 
Down, in Kent, became, both by his scientific work in zoology, botany, 
and geology and by his personal charm, a welcome associate. 

In 1864 Huxley, Hooker, George Busk (surgeon and naturalist), 
Spencer, and Tyndall, who had ])een close friends of Huxley’s ever 
since his return from the voyage of the Ratth‘malce^ together with 
Frankland, the chemist. Hirst, the mathematician, old colleagues and 
allies of Tyndall, and Sir John Lubbock and Spottiswoode, friends 
of them all, founded the X Club,’' which met once a month for 
dinner, its purpose being, as Mr. Leonard Huxley tells us — 

to afford a definite meeting point for a few friends who were in danger of drift- 
ing apart in the flood of busy lives. But it was in itself a representative group 
of scientific men destined to play a large part in the history of science. Five 
of them (there were nine in all) ret^eived the Koyal medal of the Royal Society; 
three the Copley medal, the highest scientific award; one, the Rumfurd; six 
were presidents of the British Association, three were Associates of the Insti- 
tute of France; and from amongst them the Itoyal Society chose a secretary, a 
foreign secretary, a treasurer, and three successive presidents. * * * They 

included representatives of half a dozen branches of science — mathematb'S, 
physics, philosophy, chemistry, botany, and Itiology; and all were animated by 
similar ideas of the high function of scie.iice and of the groat Society which 
should be the chief rt^presentative of science in this country, 

Xot unnaturally the club exercised, during its 28 years of existence 
(it expired in 1802, owinji to the dispersal of its oritriiud members 
and the decision not to elect new ones), a great intiuence on the jn-og- 
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ress of scientific organization, an influence which assuredly was not 
sectarian nor exercised for party purposes. While the club, though 
bound up with the Darwinian movement, did not comprise the origi- 
nators of that new doctrine, Lyell and Darwin himself — on account 
of their health and absorption in special pursuits at a distance from 
the town — it also, for a similar reason, did not include Alfred Kussel 
Wallace, who had lately returned to England from his long sojourn 
in the tropics. His name can never be forgotten as that of one who, 
independently of Darwin and while exploring in the tropics, con- 
ceived and stated the identical theory of the origin of species by the 
natural selection of favored varieties in the struggle for existence,” 
which had been more fully worked out, though held back from 
publication, by the elder naturalist. AVallace, as all the Avorld knows, 
gladly gave all credit in the matter to Darwin, and contributed by 
his original observations and arguments, and by the lucid exposition 
given in a series of invaluable books for a period of more than forty 
years, to the establishment of Darwin’s doctrine of organic evolution. 
Wallace held himself very much aloof from the London whirlpool, 
finding happiness and full occupation for his long life in scientific 
work. 

It is perhaps a mere coincidence, bur in any case a very important 
fact, that we have a series of remarkable volumes giving in an un- 
usually complete form the Life and Letters of Lyell, of Darwin, and 
of Huxley. Happily they wrote many letters, fortunately preserved 
for publication, in which their scientific work and the development 
of their views, as well as delightful revelations of character, of 
their tastes, their likes and dislikes, and of their heroic struggles 
and daily occupations, are recorded. These volumes can perhaps 
hardly be called “biographies”; they are the materials for consid- 
ered well-balanced biography. They have been gathered by loving 
hands and connected by a thread of narrative and explanatory notes. 
Now we have a similar Life and Letters of Hooker, the material for 
which has been arranged by his widow, and presented in due order 
by Mr. Leonard Huxley, who had already done for his father’s 
memory what he has here, with skill and experience, done for that 
of his father s closest friend. The letters here given, taken with 
those of Darwin and Huxley and Lyell, interweave with and com- 
plete one another, giving a remarkably close picture of the growth 
of a great scientific theor}\ 

M e have indicated in bald outline the place which Hooker occupied 
in the little group of naturalists who established, in the later half 
of the nineteenth century, the doctrine o± organic evolution. Since 
we are here concerned with the story of his me and work, it is now 
time to state more specifically what was his actual contribution to 
the science of his time, and then to point out, as these volumes of 
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his and Letters ” enable us to. do, to what native gifts of mind 

and character, on the one hand, and to what fortunate circumstances 
of training and association on the other, this contribution was due. 
Those are the inquiries which must always be of foremost interest 
when we are in possession of the detailed story of a great man’s life. 

Hooker was tefore and beyond everything else, a great botanist, 
the greatest “ knower ” of plants of his day, whether we estimate the 
immense number and variety of plants which he knew, or the thor- 
oughness of that knowledge, or the vast area — ^that of the whole 
earth’s surface — ^the vegetable population of which became familiar 
to him, either in the dried collections of travelers or (to an extent 
never achieved by any earlier or contemporary botanist) in their 
living condition. The latter result was attained in two distinct 
ways: Firstly, by his prolonged and often perilous journeys to the 
Southern Hemisphere, to India and the Himalaj^an region, to Pal- 
estine and the Lebanon, to the Atlas Mountains and to Xorth Amer- 
ica ; and secondly, by his control of the most extensive and admirably 
organized botanic garden in the world, where living plants were 
almost daily received or were raised from seed sent from every part 
of the earth’s surface. 

Probably the greatest permanent benefit conferred on mankind 
by Hooker — his greatest contribution to science — was his organiza- 
tion, as a great and permanent state institution, of the gardens, plan- 
tations, glass houses, museums, laboratories, and the incomparable 
herbarium, at Kew, together with its highly trained staff of all 
grades, its splendid and continuous series of publications, its world- 
wide correspondence and close relations with botanical institutions in 
the colonies and India, so as to form a vast living mechanism, work- 
ing under his incessant care for the increase of botanical science. 
The indifference, the opposition, the sheer brutality, by which his 
efforts were too frequently opposed, and the ultimate triumph by 
which his tenacity of purpose, his honesty and unworldliness of 
character, were rewarded, can be realized and appreciated by the 
reader of this book. So also can one learn with pleasure of the fine 
men, both among his scientific colleagues and the few intelligent 
officials with whom he had to deal, who sympathized with and helped 
him. 

Here we may read the full story of the ignorant insolence of one 
Ayrton — an obscure politician who became a minister of the Crown, 
and proposed to make Kew into a mere pleasure garden and to 
give his orders to Hooker as to a head-gardener, but was, by a 
timely rally of wiser statesmen and lovers of science, brought 
to heel like a whipped dog. Here, too, we read of the mean financial 
tricks of the East India Co. ; the delays of the Admiralty : the stupid 
parsimony of the Treasury relieved by the generosity and friend- 
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ship of Lord Dalliousie, the Governor-general of India; the good- 
will of fine old Admirals ; and the enthusiasm of many high-placed 
officials (such as Bertram Mitford, Lord Eedesdale), and well- 
tried friends who valued pure science and were spell-bound by 
Hookers abilities, persistence, freedom from all desire for per- 
sonal profit, and simple-minded devotion to one noble end — ^the 
building up of what were for him two inseparables, Kew and Botani- 
cal Science. 

Hooker’s more direct contributions to scientific botany are parallel 
in importance to the creation of the great institution (founded by 
his father and completed by the loyal help of his son-in-law and 
successor, Sir William Thiselton Dyer), wherein he worked out 
during many years the enormous collections of plants brought thither 
by himself and amplified by official and private collections. His 
first scientific paper, on some new mosses, was written and published 
in 1837, when he was only 20 years of age; his last in 1911, on 
some Indian species of the balsams (genus; Impatiens) — a large and 
difficult group to which he gave minute study, dissecting them under 
the microscope and drawing them with all the skill and assiduity of 
his youth, until within a few days of his death in his ninety-fifth 
year. The mere titles of the papers and volumes which Hooker 
produced in those 71 years of work occupy 20 pages in the “ Life.” 
No mere enumeration of their number can give an idea of their 
bulk, of the number of drawings and often colored pictures which 
illustrate them, of the tireless industry which produced them, or of 
their scientific Aveight and purpose. 

For the convenience of ready publication he carried on through- 
out his life (with the assistance in later years of other botani>sts, 
his chosen colleagues) Hooker’s leones Plantarum, founded by his 
father in 1837, and the Botanical Magazine, founded by William 
Curtis in 1787, which has appealed regularly every month during 
130 years. It was edited for 10 years by Sir William Hooker, on 
whose death in 1865 Sir Joseph became editor and chief contribu- 
tor, handing it oA^er in 1001 to his successor as director of Kew, 
Sir W illiam Thiselton Dyer. For 78 years the t\A"o Fitches, uncle 
and nepheAv, Avere the only artists (without rivals for the perfec- 
tion of their Avork) employed on the production of the hundreds 
of plates picturing new or rare plants published in the Botanical 
Magazine. But Hooker s greatest works were published as separate 
volumes, usually by the aid of grants from government departments. 
Such were the Flora Antarctica (1811-1817), 2 volumes, Avith 198 
plates; the Flora Novre Za^landiie (1853-1855), with 130 plates; 
the Flora Tasmaniaj, with 200 plates; and the Flora of British 
India (by J. D. H. assisted by various botanists), 1872-1897, 7 
volumes. A great number of important papers of smaller bulk, 
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but always of special significance, were published by him in the 
Transactions of the Linnaean Society, in the journal of the Geo- 
graphical Society and other journals, and as contributions to the 
works of other authorities, British and foreign. 

Hooker did a vast amount of work with his own hands, his own 
pencil and pen. The mechanical work of sorting the hay-stacks,” 
as collections of dried plants are irreverently called, the selection of 
specimens for description and incorporation in the herbarium and 
of duplicates for distribution to other botanical institutions and 
individuals (a proceeding by which exchanges were obtained and 
the completenevss of the Kew herbarium assured), was always a 
delight to him; the mechanical labor and the mere “handling” of 
plants being, as he tells us, a relief from closer work and yet con- 
ducive to thought and reflection bearing on his one great piirpose. 
Of course, he had an eificient staff and distinguished botanists as 
volunteer assistants, attracted by the unique conveniences for study 
afforded by the great herbarium, the library and the working- 
rooms, for which by degrees, following out and developing the cher- 
ished scheme of his father, he succeeded in getting the reluctant 
officials of the Treasury and the Board of Works to disburse the nec- 
essary funds. 

The great interest for Hooker in all this accumulation of know- 
ledge touching the flora of every part of the world, over and above 
the mere record of new plants and their habitat, was the discovery 
of the causes which have led to the present geographical distribution 
of plants. The problem continually presented itself to him in his 
travels. Take, for instance, the following passage in a letter writ- 
ten to his father from the Thibet frontier in 1848 : 

To-day I went up the flanks of Donkiah to 19,300 feet * * * The 
mountains, especially Kinchin- jhow, are beyond all description beautiful; 
from whichever side you view this latter mountain, it is a castle of pure blue 
jrlacier ice, 4,000 feet hich and G or 8 miles lon^. I do wish I were not the only 
person who has ever seen it or dwelt anion 2 ; its wonders * * * j 

greatly pleased with tinding my most Antarctic plant, l.eennora mininta, at the 
top of the pass; and to-day I saw stony hills at 19,000 feet stained wholly 
orange-red with it, exactly as the recks of Cockburn Island were in 64° south. 
Is not this most curious and interesting? To find the identical plant forming 
the only vegetation at the two extreme limits of vegetable life is always inter- 
esting; but to lind it absolutely in both instances painting a landscape so as to 
render its color conspicuous in each case 5 nfiles off, is wonderful. 

How does it come about that this plant flourishes in two such 
widely remote regions ? How can we account for hundreds of other 
instances of the presence of identical plants in isolated localities 
thousands of miles apart, and for the absence of others in regions 
contiguous with one in which they abound ? 
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The great botanists preceding Hooker had believed in the special 
creation’’ of this endless variety of species and widely diifering 
grades and elaboration of vegetable life, as an ultimate fact. Buffon, 
at the end of the eighteenth century, had pointed out the connection 
of climate with the distribution of plants, and argued that vegetation 
must have commenced where the cooling globe was first cold enough 
to support it, — i. e., at a pole. He remarks that ^‘‘the same tempera- 
ture might have been expected, all other circumstances being equal, 
to produce the same beings in different parts of the glol>e both in the 
animal and vegetable kingdoms.” To him also we owe the recogni- 
tion of the limitation of groups of species to regions separated from 
one another by ^^natural barriers,” Tournefort had, still earlier, 
pointed out the likeness between the vegetation of successive eleva- 
tions, implying successive reduction of temperature, and that of suc- 
cessive degrees of latitude carrying the same successive change of 
climatic condition. Humboldt (whom Hooker met in Paris in 1845) 
showed that many great natural orders of plants (Gramineae, Le- 
guminosae, Compositae, etc.) are subject to certain laws of increase 
or decrease relatively to other plants in going polewaixls (in both 
hemispheres) and skywards. The construction of the ‘fisothermals” 
of the globe, which we owe to Humboldt, was a great instrument 
toward the advancement of geographical botany. Hooker regarded 
him (as he says in a letter to Darwin in 1881) as the greatest of 
scientific travelers; and in 1845 he writes of him (vol. i, p. 185) : 

He was never tired of coming to ask me questions about my voyages [the 
Antarctic expedition with Ross] ; he certainly is still a most wonderful man, 
with a sagacity and memory and capability for generalizing that are quite 
marvelous. 

Lyell had shown that distribution is not a thing of tlie present 
onH or of the present condition of climates and present outline and 
contours of lands. He also showed that our continents and oceans 
had experienced great changes of surface and climate since the in- 
troduction of the existing assemblages of plants and animals; that 
there had been a glacial period, and long before that a warm Arctic 
period, as proved by the abundant fossils (brought hack by Arctic 
travelers) of plants belonging to a warm temperate zone. But these 
relations of flora and climate were looked upon as the outcome of 
direct adaptation by sudden and inexpliraible acts of creation. It was 
Hooker’s special merit and privilege to be the first to introduce into 
the attempt to explain the facts of the geographical distribution of 
plants, the conceptions already current in the scientific world of (a) 
the and derivative origin of sjiecies: and (7*) the wJr/m- 

tfOh of floras. This he did independently, hy his own “self- 
thought,” as Darwin termed it. His views are apparent in his earlier 
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publications, but are most fully set forth in his Introductory Essay 
to the Flora Tasmaniae, dealing with the Antarctic flora as a whole. 

His study of Darwin’s plants from the Galapagos Islands and 
their relation to those of other tropical islands and of the South 
American Continent brought him into close relation with Darwin, 
whom he visited in 1847. This was the beginning of their memor- 
able intimacy and continuous exchange of letters (contained in these 
volumes and the similar Life and Letters of Darwin). These letters 
were really conversations as to endless botanical details — inquiries 
made and answered, criticisms and arguments submitted by one to 
the other. They form a record of surpassing interest to all future 
generations of biologists. Hooker's stores of knowledge of fact in 
every department of botanical science were of essential service to 
Darwin, while Darwin’s marvelous fecundity in original suggestions 
as to the explanation and the significance of facts and his remorse- 
less criticism of those suggestions by appeal to other facts and to 
experiment, were a perennial stimulus to Hooker, who was himself 
a theorist, a genera lizer — what is sometimes called “ a philosopher ” 
— of large outlook. Lyell wrote in 1859 to Hooker of the Introduc- 
tory Essay to the Flora Tasmaniae: 

I have just tinislied the reading of your splendid Kssay on the Origin of 
Si^eeies, as illustrated by your wide botanical experience, and think it goes far 
to raise the variety making hypothesis to the rank of a theory, as accounting 
for the manner in which new species enter the world. 

And Darwin wrote : 

I have finished your essay. To my judgment it is by far the grande^ and 
most interesting essay on subjects of the nature discussed I have ever read. 

Hooker was the earliest prominent naturalist to declare his ad- 
hesion to the theory of the Origin of Species by Xatural Selection 
set forth by Darwin in his historic volume of 1859, but his complete 
adhesion to it was only arrived at by long and minute discussion 
with Darwin of his data, his arguments, and inferences, extending 
over some years both before and after 1859, in which the two 
naturalists were in constant communication. It must be borne in 
mind that Darwin s theory of the survival of favored varieties by 
natural selection was something additional to the hypothesis of the 
derivative origin of species which Hooker had supported. Dar- 
win's theory gave an explanation of that derivation, and showed it 
to be the nec'essary result of existing natural causes. 

Hooker continued during tlie next 22 years to take a leading part 
in the development of an understanding of the geogi’aphical distri- 
bution of organisms on the earth's surface in the light of Darwin’s 
great do(*trine of natural selection. He was at times much per- 
plexed by the attempt to demarcate natural phyto-geographical 
provinces and subprovinces, as distinct from merely topographical 
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areas; and, finally, he seems to have come to the same conclusion 
as that which he reached in the classification of the vegetable king- 
dom adopted by him in the monumental work which he produced 
in collaboration with Bentham, the Genera Plantarum” (3 vols., 
octavo, 1862-1883). This conclusion was that, while we are still 
seeking a closer knowledge of the phyletic connections of the floras 
and faunas of the world, it is, in view of 'practical purposes (that is 
to say, for facilitating the accumulation and orderly arrangement 
of our knowledge), better to adopt a frankly arbitrary series of 
groups and provinces agreed upon and accepted because they are 
tiaditional and serviceable for pvirposes of reference, than to as- 
sume prematurely that we are in a position to define the limits and 
connections of all natural phyto-geographical provinces and of all 
phyletic gi^oups. To do this we have not yet (he thought) sufficient 
knowledge, though we already see clearly much of the outlines and 
the needful lines of inquiry. 

The means and the causes of the migration of plants were matters 
of extreme importance in the great problem of distribution and the 
closely connected problem of the changes of land and water on the 
earth's surface. These were the subject of speculation and inquiry 
by both Darwin and Hooker. Hooker had at first put forward the 
hypothesis of a lost circumpolar continent in order to account for 
the facts of plant distribution in the southern hemisphere. But 
Darwin favored the view of the persistence even from Silurian 
times of the great continental masses at present existing, and the 
radiation from the northern temperate and subarctic region of 
successive floras by spreading along the cold mountain chains which 
extend through the tongue-like southward projections of continental 
land — to-day traceable as South America, Africa, and Indo-Malaya. 
Transport of seeds, etc., by ocean currents, by wind, and by birds 
and other such agencies was shown experimentally by Darwin to be 
possible in many cases, but the emergence and submergence of large 
tracts of land as bridges or connections across the deep ocean beds 
were rejected by him. Hooker writes to Darwin in 1881: 

Were you not the first to insist on this [the permanence since the Silurian 
period of the present continents and oceans], or at least to point this out? Do 
you not think that W«allace*s summing up of the proof of it is good? I know 
I once disputed the doctrine or rather could not take it in ; but let that pass. 
(Vol. ii, p. 224.) 

He goes on to say, in reference to the address which he was pre- 
paring for the British association meeting at York, in which after 
many years’ labor he expressed his final conclusions on geographical 
distribution : 

I must wind up with tho doctrine of general distribution being primarily from 
Dort to south with no similar general flow from south to north— thus supix>rt- 
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ing the doctrine which has its last expression in Dyer’s essay read before the 
geograph, society and referred to in my last R. S. address (18T9). 

The conclusions at present held on this great subject, \yhich so long 
occupied Hooker’s attention as well as that of his friends Darwdn and 
Wallace, are fully and admirably stated by Hooker’s son-indaw and 
successor at Kew in his article on the “Distribution of Plants” in 
the last edition of the Encyclopedia Britannica — an essay which 
permanently associates the name of Sir William Thiseltoii Dyer 
with those of Hooker and Darwin as a great master in this many- 
sided field of scientific speculation. 

"Wdiile Hooker never ceased to carry on by his own individual work 
and that of his staff the preparation and publication of systematic 
“floras” of all parts of the British Empire, with a view to a full 
understanding of the origin of species and their geographical distri- 
bution (perhaps we should reverse the order of those terms), his 
botanical work was by no means limited to this. The “Life” gives a 
full picture of his activities, which we may briefly summarize by 
mentioning some of his publications, while his letters, there repro- 
duced, to his father, to Lyell, Darwin, Harvey (of Dublin) , Bentham, 
Bryan Hodgson, Asa Gray, Huxley, Paget, and a host of other 
friends and fellow-workers, reveal the methods of his scientific work 
as well as his aims and struggles, the steps of his official and public 
career, and his family life- From them, too, we can gather his views 
not only on scientific problems, but on art, literature, politics, educa- 
tion, and religion. 

From the long list of his works (other than those already cited) we 
select first that on The Khododendrons of Sikkiin-IIinialaya (18d0- 
1851), edited by his father from material sent home by him while 
he was away collecting, drawing and mapping in the Himalayas. It 
is a sample of the beauty of form and color which entrances the true 
naturalist, however austere may be his devotion (as was Hooker’s) 
to pure science. He writes : 

It is a far grander and better book than even I expected. * * * 

Indian world is in love with niy Rhododendron book. 

Then vre have his Himalayan Journals; or Notes of a Naturalist 
in Bengal, the Sikkim and Nepal Himalayas, the Khasia Mountains, 
etc., {1851, reissued 1905), a book like Darwin's Voyage of the Beagle 
and Wallace's Malay Archipelago for all to read and enjoy; his 
Students’ Flora of the British Islands (1870), which has run through 
three editions; and his Primer of Botany (1876), which has been 
reprinted 20 times in three editions — “the rashest and most profitable 
of all my undertakings,'’ as he called it in a letter to Asa Gray. His 
paper “On the Diatomaceous Vegetation of the Antarctic Ocean” 
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(Brit. Assoc. Eeports, 1847), was the forerunner of that study of 
oceanic deposits which many years later became (especially in con- 
nection with the voyage of the Challenger a great and important 
branch of research. Similarly his papers on Stigmaria and Lepidos- 
trobi in the memoirs of the Geological Survey, 1848, were the start- 
ing point of the study of the tissues of ancient fossil plants by means 
of the miscroscope. He was the first to have sections of fossils cut 
sufficiently transparent for that purpose, a method which in the 
hands of a later generation has yielded very important results. 

In the domain of physiology, besides some other contributions, 
there stands out his remarkable work on the attraction, capture, and 
digestion of insects by the pitcher plants (Brit. Assoc. Eeports, 
Belfast, 1874, and “Nature,” 1870). The work was suggested by 
Darwin when investigating the carnivorous habits of the sundew 
(Drosera.) Experiments as to the digestive ferment and micro- 
scopical investigation of the glands, etc., were made by Hooker, 
aided by Dyer, at Kew, In the special study and exploration of 
remarkable morphological characters, Hooker’s investigation of the 
root parasites known as Balanophoreae — curiously simple in struc- 
ture, without leaves or petals — formerly thought to be allied to the 
fungi, but shown by Hooker to be degenerate mistletoes, is a sample 
of his morphological work (On the Structure and Affinities of the 
Balanophoreae, Linnaean Society Transactions, 1856). He made 
acquaintance with these strange plants both in New Zealand and in 
the Himalayas. 

But the most striking thing which he did in this way was his 
description of the morphology, development and histology, and the 
determination of the affinities of a weird-looking South African 
plant discovered by Dr. lYelwitsch in dry country inland from 
Walfisch Bay, and sent by him to Kew. Hooker named it after its 
discoverer; and specimens of it (since received through other travel- 
ers) have been kept in cultivation ever since in one of the hothouses 
at Kew (On Welwitschia, a new Genus of Gnetacese, Trans. Linn. 
Soc., 1863). Hooker’s triumph in this investigation was that of 
showing, by microscopic examination of the tissues and of the re- 
productive structures and their development, that this strange-looking 
plant is one of the Gnetacese, a family including the little European 
Ephedra and grouped with the Cycads, the Gingko trees, and the 
Conifers in the great assemblage called Gymnosperms. In the Life 
and Letters we have a delightful picture (which will stir the 
sympathy of every morphologist) of his excitement, his hard work 
with the microscope, his reasoning, his results, and the reaction that 
followed. He writes (Jan. 20, 1862), to Huxley— 
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This blessed angola plant has proved even more wonderful than I expected — 
figurez vous a Picotyledonous embryo, expanding like a dream into a huge 
broad woody brown disk, eight years old and of texture and surface like an 
overdone loaf, 5 feet diam. by high above the ground, and never growing 
higher, and whose two cotyledons become the two and only two leaves the 
plant ever has, and these each a good fathom long. From the edges of this 
disk above the two leaves, rise branched annual pannicles, bearing cones some- 
thing like pine cones, which contain either all female flowers, or all herma- 
phrodite flowers ; the hermaphrodite flowers consist of one naked ovule 
absolutely the same as of Ephedra, in the organic axis of the flower, sur- 
rounded by six stamens and a four-leaved perigone. The female flower is 
quite different. 

Lastly, fancy my joy at discovering the key to the development of this 
hypertrophical embryo taking to become a plant after the fashion it does; and 
at my being able to show that * * * it is undoubtedly a member of the 

family Gnetaceae amongst Gymnosperms, as the structure of the ovule and 
development of the seed and embryo clearly show. It is out of all question 
the most wonderful plant ever brought to this country — and the very ugliest 
It reopens the whole question of Gymnosperms as a class, and will (in the 
eyes of most) raise these, as I always said they w^ould be raised, to equivalence 
in these respects with Angiosperms. 

At this moment he was fortunate enough to receive five splendid 
specimens from a Mr. Monteiro, of Loanda, who like a trump ’’ sent 
down the coast at his request to get them. Much help, he says, was 
given by one of his staff, Professor Oliver, who had been examining 
the tissues where he had left off, making “ some charming drawings 
that will save me a world of trouble.” The completed monograph 
was read at the Linnaean Society in December, 1862, and published 
in the “ Transactions.” The reaction after a heavy and exciting 
piece of work set in, as so many ardent investigators know it has a 
way of doing. When it was finished he wrote to Darwin : 

My wife went to Cambridge and enjoyed it; I stayed at home (and enjoyed 
it), working away at “ Welwitschia every day and almost every night. I 
entirely agree with you, by the way, that after long working at a subject, 
and after making something of it, one invariably, finds that it all seems dull, 
fiat, stale, and unprofitable. This feeling, however, you will observe, only 
comes (most mercifully) after you really have made out something worth 
knowing. I feel as if everybody must know more of Welwitschia than I do, 
and yet I can not but believe I have, ill or well, expounded and faithfully 
recorded a heap of the most curious facts regarding a single plant that have 
been brought to light for many years. The whole thing is. however, a dry 
record of singular structures, and sinks down to the level of the dullest descrip- 
tive account of dead matter beside your jolly dancing facts anent orchid-life 
and bee-life. I have looked at an orchid or two since reading the orchid 
!MK>k, an<l feel that I could never have made out one of your points, even 
had I limitless leisure, zeal and material. I am a dull dog, a very dull dog. 
I may content myself with the per contra reflection that you could not (be 
dull enough to) write a “ Genera Plantarum ” which is just what I am best 
fitted for. I feel that I have a call that way and you the other, 

lSmrji)^—20 39 
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A splendid and illuminating revelation of a generous and too 
modest character. 

As a concluding item in our necessarily incomplete but representa- 
tive selection from the long list of Hooker's varied work in and 
for science, we must cite his action when president of the Eoyal 
Society in 1878 in raising a fund of £10.000 (chiefly by subscription 
from wealthy friends of his own among the Fellows of the Society), 
by which new Fellows were relieved of the large entrance fee and 
all were in future to pay a reduced annual subscription of only £3. 
This admirable measure, entirely due to Hooker's initiative, had 
the result that, as Mr. Leonard Huxley writes, no man henceforth 
need be kept outside the society on the score of money.” Of the 
many services in economic botany, which under his direction Kew 
rendered and continues to render to distant parts of the Empire, 
we have no space to say more than that they comprise the intro- 
duction from South America to India of the quinine jDlant, and of 
the rubber tree (Hevea), and the scientific supervision of the culti- 
vation in the West Indies of the neglected sources of wealth — ^the 
sugar cane, tobacco, and Jamaica oranges. 

Wlien we examine, as the Life and Letters and our own observa- 
tion of him enable us to do, the personal qualities which carried 
Hooker through his exceptionally long life with such splendid 
success, such unfailing spirit and contentment, and such lasting 
benefit to humanity (he was, we learn, selected by the Japanese, soon 
after his death, as “ one of the 29 heroes of the world that modern 
time has produced"), we find that the emergence of those qualities 
was not due to heredity alone, but largely to the training which they 
received from a gifted and affectionate father, for whom he had 
profound sympathy and filial devotion. Hooker was born with a 
vigorous constitution and great physical endurance. He had an 
inborn tenacity of purpose and single-minded attitude to life, and 
was as remarkable for his frank honesty as for his courage. He 
inherited from his father and his maternal grandfather (both 
botanists) his aptitude for botanical science, but it was the teaching 
and example of liis father which, from his earliest years, trained 
and developed that aptitude. He modestly but with characteristic 
insight said of himself when at the age of 70 he received the Copley 
medal of the Royal Society, that he had no genius, no exceptional 
powers or exce])tional talent, but tluit he po^ser^sed that inwar<l 
motive power — some heat, srnne fervor, which compels us to exercise 
our faculties and to ripen the fruits of our labors— which he would 
call the wish to do well. ’ expreSvsed in the modest motto chosen 
for himself 400 years ago by Prince Henrv the Navigator, ‘‘Talent 
de bien faire.'’ 
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His constant association, from boj'liood on^vards, Tvitli liis father 
in the garden and herbarium created by the latter in GlasgoTT after 
his appointment as professor, made botany a part of his very exist- 
ence. At the same time the aptitude for it must have been born in 
him. It was not inherited by his elder brother, William, who, having 
the same opportunities, showed no liking for the subject, and, 
though more vivacious than his younger brother, displayed no 
scientific bent. From this point of view it is interesting to note 
that not one of Joseph Hooker’s six sons has been attracted by 
botany or by scientific research. Sir William Hooker, a man of 
distinction in science and of influence in the official world, was able 
to communicate to his son his own tastes and ambitions, and to secure 
for him that early official employment which stalled him on his 
career as an investigator and established him for life in the great 
center of botanical science created by Sir William. 

The intimate association of father and son, and the complete 
devotion of the younger man to the development of the elder's 
cherished projects, find a parallel in the life work of Alexander 
Agassiz, who realized, on a magnificent scale, the plans for a great 
museum and institution of zoological research at Cambridge, 
Massachusetts, designed by his father Louis Agassiz, but only in part 
carried into execution. Alexander xVgassiz, as a young man, delib- 
erately set to work as a mining engineer in order to procure that 
pecuniary independence which he decided to be necessary in the 
United States for one who wished to become a great zoologist. Be- 
fore he was 30 years of age a copper mine in Michigan made him a 
millionaire and stood to him in the place of the official income and 
vast state supported ai)paratus which awaited Joseph Hooker at 
Kew. Both men became great leaders in their science, and, in 
greatly developing and completing their fathers’ work, left splendid 
monuments of their heritage and their devotion. It is interer^ting 
in note that the sons of Alexander xVgassiz, like those of Joseph 
Hooker, though alwa3"s on terms of affectionate intimacy with their 
father, have not become men of science.” 

Hooker frequently acted in joimgev days, as examiner in botany" 
for various boards and universities. He was a member of the senate 
of the University of London. Some valuable records of his vie\vs 
on education, which deserve special consideration at this critical 
moment, are to be found in these volumes. His views are of especial 
value because he v as, above all things, a practical man, seeing his 
aim clearly and bringing his trained judgment and vast experience 
of men to bear on the means to be pursued in order to attain it. He 
was also absolutely frank and fearless in the expression of his con- 
clusions. We quote below (‘‘Life,” vol. ii, p. 329) a letter of his 
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to his friend the Rev. J. D. La Touche, dated May 24, 1893. 
He says: 

You must not think that I oppose education of the laboring classes, but I 
should like it conducted toward the future life of the average, and not to the 
high education of the few who can profit by the complex education of the board 
schools. Mind you, I am just as much against the higher school and college 
education of the masses of the upper classes. Surely it would be far better 
if much of their teaching were devoted to making them more useful members 
of society. * * * To return to technical education, my notion of it is that 

it should be begun early, at the expense of some of the board’s literature, 
classical English, etc., and be accompanied throughout by semi-scientific teach- 
ing ; i. e., the cobbler should be taught what tanning is, what bristles are, and 
how developed, and so forth. If any board school child shows a genius for the 
higher education, push him on by all means to school and college; but it is 
no use trying to “make silk purses out of sows’ ears.” 

From his earliest days onwards, Hooker shrank from public 
speaking; he disliked lecturing, and never held a professorial post. 
He detested newspaper discussions as well as the pomps and vanities 
of official ceremony. They all seemed to him as using up the time 
and strength which he ought to give to his one purpose — ^the increase 
of science. His natural and strong determination was to the most 
thorough and strenuous work in pure scientific investigation. He 
desired no popularity, but cared only for intimacy with and ap- 
proval by the select few who were able to participate in his scien- 
tific work and thought, or were bound to him by long association. 
He was a man of the family, not a man of society. ISTevertheless 
his long life, his high position, and wide-reaching activities brought 
to him a vast number of acquaintances, inspired by admiration and 
affection for his kindly, frank, and energetic character. With his 
children and numerous family connections he found relaxation and 
refreshment in music and dancing and in reading works of fiction and 
romance. He became an enthusiastic admirer and collector of Wedg- 
wood ware, and fully indulged in the collector's joy of picking up 
good pieces in tlie sho^^s of second-hand dealers. He retained from 
early life the habit of constant, regular, and uninterrupted work, 
and the simplest tastes in regard to food. He attributed his long 
life and the preservation of his health and mental power (as he said 
to the writer, who visited him on his ninetieth birthday) to the fact 
that he had made it his practice throughout his life to dine in the 
middle of the day, drinking only a light wine, and to take nothing 
but a light tea in the evening. 

Hooker was, it is true, fortunate in his friends — fortunate because 
he merited such fortune. We read in these volumes of their passing 
J^;ay one by one— until he at last was left alone, but not downcast. 

IS nun( . to the end, was full of happy memories, and he still had 
new plants to describe and was tended by his wife and interested 
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in his garden. His long and fraternal association with Darwin was 
of vital importance to each of them. The genius and originality of 
his friend fed, as it were, on Hooker’s immense stores of botanical 
knowledge; and Hooker, in turn, was stimulated by Darwin’s in- 
quiries into new lines of activity and acquired, in aiding his friend 
in those inquiries, a convincing proof of the decisive value of his 
own vast labors in building up the knowledge of plants. The Life 
and Letters form a fascinating record of that romantic, well-nigh 
legendary period in the history of biological science, when gi*eat 
men ravished the globe of its secrets and revolutionized human 
thought. It was the privilege of the present writer to be personally 
associated — in many cases intimately so — with the heroes of this 
story from Lyell onwards, to giow up in their midst and to be 
thrilled by tlie daily triumphs of thq^e mighty warriors. Many 
long years ago he was greeted by Hooker as “ a friend and the son 
of a friend and it is with those words ringing in his memory that 
he closes the book of that great man’s life. 
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